5-March-2021

David Albright

Manager, Groundwater Protection Section

U.S. Environmental Protection Agency, Region IX
75 Hawthorne Street

San Francisco, California 94105

RE: Response to Technical Evaluation Comments and Information Request
of CES’s Responses to EPA’s Initial Technical Evaluation Comments and
Information Requests #1-4 CES-Mendota Site Underground Injection
Control (UIC) Permit Application Class VI Pre-Construction Permit
Application No. RQUIC-CA6-FY20-1

Dear Mr. Albright,

Clean Energy Systems, Inc. (CES) thanks you and the staff at the United States
Environmental Protection Agency {EPA) for your continued review of our Class
VI Pre-Construction Underground Injection Control {(UIC) Permit Application
for the Mendota site.

We have received vyour latest Technical Evaluation Comments and
Information Request, dated 05-February-2021. The following five Enclosures
seek to provide the additional information and clarifications requested. For
completeness, we directly responded to EPA’s Follow-up Questions/Requests
within each Enclosure, shown in purple font. If EPA deemed a previous
response acceptable, no additional comments were made. CES worked with
technical experts at Schlumberger to develop the responses.

in addition to Enclosures 1 through 5, we have included two Appendices. In
support of our responses in Enclosure 4, Appendix A includes Updated Well
Schematics. In relation to Enclosure 2, per your advisement, we downloaded
EPA’s updated Emergency and Remedial Response Plan (ERRP) template from
the GSDT. Appendix B is an updated version of the Project’s ERRP (revision
number 1.2, dated 4-March-2021) to include the recommended information
from the risk register.

Based upon EPA’s feedback, CES understands and agrees the defined changes
are to be made to the subject permit application material and resubmitted to
EPA as a complete, updated package. CES will develop and provide EPA with
an estimated submission schedule in the coming weeks.

www.cleanenergysystems.com
3035 Prospect Park Drive, Suite 120, Rancho Cordova, California 95670

ED_006132B_00000814-00001



if you have any questions related to the content of this response or wish to discuss these matters
further, | can be reached via email at rhollis@cleanenergysystems.com.

We thank you for the productive dialogue regarding our Class VI UIC permit application to date and
wish to continue discussions as we work to resolve a few remaining open items. | will reach out to
you in the coming weeks with meeting and/or information requests on the pending topics.

Sincerely,

LA £ \%\.:v 1
§ ot v

Rebecca M. Hollis
CES Director of Business Development — CNE

Enclosures

CC (via email): Keith Pronske, CES President & CEO
Natalie Nowiski, Schlumberger NE CCS BD and Legal Counsel
Vivian Rohrback, Schlumberger SIS Project Manager

www.cleanenergysystems.com
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Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

ENCLOSURE 1

Evaluation of Applicant Responses to EPA’s Technical Review Comments on the
Geologic
Information in the CES-Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-Mendota Class VI
UIC Permit. EPA’s Technical Review Comments and recommendations (dated August 9, 2020) are in blue text. CES’s
responses (dated September 30, 2020) are provided in gr xi. EPA evaluations are provided in red text. EPA expects
that these questions can be answered based on available information and requests that they be addressed in the updated
permit application that CES plans to submit later in 2021. Note that CES provided an Appendix containing several
figures, some of which are marked as confidential business information: none of those figures are replicated in this
document.

1 Adaditional Information on Formation Use and Supplemental Figures

Table 1:Formation description and intended use.
Primary Formation Description and Intended Use
Formations

ofInterest

Garzas Sandstone The Garzas sandstone member of the Moreno formation represents a major
deltaic complex and overlies the Moreno Shale. This zone will be monitored
for above confining zone migration of CO».

First Panoche Shale The First Panoche Shale is intended to be the primary contining zone that

Primary Confining Zone will vertically contain most or possibly all the injected CO». Because it 15
relatively thin (127 feet) and because 1ts lateral continuity is unproven, this
formation is not being relied upon to contain all the injected CO». Currently,
this formation is inlerpreted Lo be continuous within the model domain.

Schlumberger-Private 1
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Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

Fourth Panoche Although not the target of this project currently, this sandstone may have
Potential CO: Injection Zone potential in the future for CO: Injection.

Schlumberger-Private 2
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Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

Table 2: Summary of inconsistences addressed.

2 Regional Geology|

“Core samples are available from 1 well (NAPA

Injection and
Confining Zones

and Geologic IAVE A/1, about 3 mi to the east) ...”
Structure

4 Depth, Areal “The primary confining layer is the Moreno
Extent, and Shale, ...”

Thickness of the

5 Hydrologic and

“.and so the water well summary in that document does |4

7Zone Formation
‘Water

Hydrogeologic not agree with the application narrative (Section 5.1.1 of
Information IAttachment B)”

6.1 “The table does not indicate which Panoche Sand the
Characteristics of  [value represents, and the depth is shallower than the target
Injection formation at the Mendota site”

6.1
Characteristics of
Injection

Zone Formation
Water

“CES anticipates a salinity of about 25,000 mg/L at the
Mendota site, although it 1s not stated what this 1s based
on other than possibly a general increase in salinity
moving westward.”

6.2 Mineral
Composition of The
Injection Zone

“However, Table 7 does not specify which Panoche sand
layers the data represents.”

10 Facies
Changes in the
Injection or
Confining Zones

“The description of the lithology from the B.B. Co 1 well
is at a depth corresponding to the Fourth

Panoche Sand. Figure 5 in the application narrative,
however, shows the Second Panoche Sand as the primary
injection formation, with the Fourth Panoche Sand as an
optional formation.”

11 Structure of the
Injection and
Confining Zones

“Future cross sections should show an aerial view with
transects labeled.”

13 Confining Zone
Integrity

“The current porosity and permeability estimates for the
Moreno Shale are 8% porosity and 4.7 mD for
permeability (Table 3). The porosity appears low and the

permeability appears somewhat high for a shale.”

EPA Evaluation of Response: Response 1s acceptable. Edits should be ncorporated into the revised version of the
permit application.

Schlumberger-Private
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1.1 Update to Regional Geology, Hydrogeology, and Local
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Figure 1: San Joaguin basin depositional model showing structural and stratigraphic traps; The
vellow star indicated the proposed Mendota INJ 1 location.(Hosford Scheirer & Magoon, 2007)
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Figure 2a and 2b: San Joaguin basin depositional model showing three
possible depositionalscenarios for the location of Mendota INJ 1. Modified
from (Hosford Scheirer & Magoon, 2007)
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MNP

Figure 2c and 2d: San Joaquin basin depositional model showing three
possible depositionalscenarios for the location of Mendota INJ 1. Modified
from (Hosford Scheirer & Magoon, 2007)
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Figure 3: Stratigraphy column. Schlumberger Petrel® 2020,
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Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

EPA Evaluation of Response: The overall discussion of the geology and the diagrams 15 clear and helpful in
understanding the regional and site geology. We have a few questions related to the diagrams.

Follow-up Questions/Requests for CES:

e HRegarding the locations of the Mondota INJ 1 well in Figures 2a ~ 24, are thoy supposed o be the same?
They appear to be n slightly different locations within the block diagram. I this mntended to simply
represent uncertainty in where the sands pinch out?

#  The Mendota INJ 1 well location in Figures 2a-2d is supposed 1o be the same location. The series of
diagrams infends to damonstrate the possible depositional soviromments that Mendota INJ 1 could
enconnter. [1 18 also mntended 1o show that o conservative model (ong in which all sands are modeled as one
flow umit, posing the greatest leakage nisk, Frgure 20 was pursued for prebiminary site characterization due
o lack of sie-specific data.

e [athe 2nd Starkey the same as the 2nd Panoche? If so, then is 1t coeval with the Tracy sands? The diagram
in Figure 2¢ {modeled scenario) shows the well penetrating the level of the 3rd Starkey. In the “likely
scenarie” m Figure 2b, it appears that the well goes as far down as the level of what might be the 4th
Panoche sand. Although the 3rd and 4th Panoche sands are potential injection scenarios, should the
diagrams in Figures 2a-2d represont the planned injoction into the second Panoche?

e Fignres Za-2d are conceptual models of stratigraphy and are not representative of well construction design.

The following toxt will be added to the Regional Geology seotion of the revised narrative attachment to

add clartfication regarding stratigraphy of the proposed storage complex. This summary \hould clarify ﬂu
stratigraphic desenption and adequately answer questions posed.

Stratigraphy of Morth San Josoguin Basin

The depositional model for the northern San Joaguin Basin provided m the narranve and subsequent rephies deseribes the
depositional setting and expected reservolr or injection rone sandstones for the Mendota INJ 1 site. This section alludes
1o the uneertainty in the naning convention and stratigraphy for the proposed injection zone as either part of the deliaic
shelf deposits, the slope and basin floor fan deposits, or both, and whether the two are connected. However, the names of
the specific target stratigraphic tervals remain problematio because of the inconsistencies i published papers and reports
across the basin, A comprehensive report addressing these noonsistencies 1s UISGE Professional Paper 1713}, speaificaily
Chapter 3 (Hosford Scheirer & Magoon, 20671 We summarize the conclusions of this report with respeet 1o the Mendota
study arsn and the naming convention app lied to clarit vothe terminology and o support our choice of stratigraphic
nomenclature for the Mendota INT 1 site.

Hosford Scheirer and Magoon (2007 attempted to apply consistent stratigraphic age, biostratigraphy, and lithostratigraphic
boimdaries to the geologie column and geological nanvng conventions in the San Joaguin Basm. As they note, some of
the meonsistencies arise from :1ppiymg similar subsurface correlations and hithofacies names to subsurface stratigraphae
units that reay not be correlanve

For the ate Cretaceous to carly Paleocene of the northern Joaguin Basin, they have separated the late Cretaceous o early
Paleoccene stratigraphio section into a lower Panoche Formation and upper Moreno Formation with the Panochs bracketed
between 83.5 10 735 Ma and zu, hMoreno from 73.5 10 61 Ma. A lower unconformity separates the base of the section
from the Sierran are basement at 120 Ma from an upper uncontormity at the fop the section i the nuddle Eocens. The
entire section can be divided mto 2 more proxmal stratigraphic section representing the deltaic deposition of the Starkey
sands and the more distal slope and basin floor fan deposiis (Figure 1)

Schlumberger-Private 10
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Figure | Stratigraphic column from northern San Joaquin Basin showing Uretaceous to Lower Paleovene section,
(Modified from Hosjord Scheiver & Magoon, 20006}

The Paroche Formation includes in the more distad seetion 1o the west a lower Forbes sandstone overfain by the Sacramenio
shale followed by the Lathrop sandstones. Thers are no proximal sands in the cast that are time equvalant or correlative
to the deeper water, more distal Panoche in the west. In subsurface wells, the Panoche sands have been labeled as first,
second, third, and fourth Panoche sands. These picks may or may not correspond to the spocific sands abeled but may be

sands within these members.

The Sawtooth shale overlios the Lathrop sands and is the lowest member of the Moreno Formation, This shale is overlain
by the Tracy sands followed by the tme-transgressive Ragged Valley silt and the Blewett sands, which underlie the Moreno
shale, which s 2 regional top seal. The Cretaceous to Paleocene widespread Garza sandstone is the voungest unit in the
MMoreno Pormation,

Enlike the Panoche Formation, the members of the Moreno Formation to the west are coeval to sands in g more proximal
location to the cast, which are the Starkey sands. These are interpreted as throe principal sand units often dentified as
Sarkey one, two, and thres, and they correlate distally with the Sawtooth shale, Tracy sands, and Ragged Valloy silt. In
somng instances, the lowsr Starkey sands are considered cooval with the Panoche Latlrop sands.

Although the USGS provides a cwrent interpretation of the stratigraphic correlations for the Cretaceous section in the
northern San Joaguin basin (Hoslford Scheirer & Magoon, 20073, there remains debate aboul which formations specific
sanddstones should be assigned 1o, or, in the subsurface, even which sandstones are mtersected by the wells. For mstange,
the LISGS report Chapter 21 has reproduced historical maps and well sections, such as that from the (ll Banch Field,
where the Starkev sands have been labeled as Panoche first to fourth Panoche. In fact, the historical log and cross-sectional
images in Chapter 21 of the USGS report highlight the inconsistencies m the labeling of the stratigraphic sections.

For thas reason, and 1o avoid confusion and incorrectly labeling o sandstone target for the target well in the Mendota site,
we have chosen to label all sandstones as Panoche 1n a respective Panoche Formation, which may inclade sands from the

Moreno Formation as desertbed in Hosford Scheiver & Magoon, 2004, We label the frst sandstone {op beneath the Moreno
shale as First Panoche sand and incrementally increase the number for each subseguent sandstons.  Based on the

Schlumberger-Private 11
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Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

stratigraphic setting, description, and local well constramts, we are confident we will intersest sands. We camnot with
acouracy determing, however, whether we will intersect the more distal or proximal sands or something in between, For
mstance, it might be possible that the well intersects as the First Panochs sand, the top of the Moreno Blewstt sandstone,
but subsequent sands are the distal formunations of the Starkey sands. If the seotion intersected 18 the more distal sands,
there 15 & greater chance that these will tormimate updip into shales. However, i the Starkey sands are intersected by the
well, there may be conupunication updip. We view this as an unlikely scenario given the proposed well distance from the
paleo shelf edge. Howsver, to consider this riskier seenario for updsp €O migration, we have modelad sands comnscted
from the proximal to the distal locations.

2 Regional Geology and Geologic Structure

The Mendota site is located within the central San Joaquin Basin, situated along the basin’s deepest axis.
The basin contains 25,000 fect of sediment, spanning various changes in sea levels and tectonic settings.
The San Joaquin Basin trends NW-SE and 1s aligned with the Sierra Nevada at its eastern edge. The
proposed injection zone, the Cretaceous age First and Second Panoche Sands of the Panoche Formation,
and confining layer, the Moreno Shale, pinch out against the Sierra Nevada basement rocks to the east.
In addition to the Moreno Shale, laterally heterogenous turbidite deposits form interbedded shales that
act as stratigraphic traps within the Panoche Formation (page 15). The central San Joaquin Basin 1s
shown in a depositional model in Figure 3 and cross section in Figure 4 (page 16) and stratigraphic
column in Figure 5 (page 17). In this part of the basin, the subsurface dip is approximately 4 degrees to
the SW (page 18).

CES delineated a pressure-based area of review (AoR) that extends over a 2.2 square miles surface arca
to the northeast of the proposed injection well (it is all within a 2-mile radius to the northeast).

The permit application is based on log data from 10 wells to the north, east, and south of the proposed
injection well. Resistivity logs were run in all 10 wells; most also have spontancous potential (SP) or
compressional slowness (from acoustical logs) or both; 3 have gamma ray, bulk density, and neutron
porosity logs. Core samples are available from 1 well (NAPA AVE A/1, about 3 mi to the east). While
there are no well data to the west of the proposed injection well, CES acquired 2D seismic data for areas
to the west.

3 Faults and Fractures

To evaluate the faults and fractures in the region and in the AoR, CES gathered faulting data from
public sources and interpreted them locally across three 2D seismic lines (Figures 16-18). These seismic
lines are shown in three dimensions in Figure 19 (page 31). Most of the faults in the area are small
throw features, with a few exceptions. Faults 1 and 2 trend north and separate the Mendota AoR from
the Gill Ranch Field to the east. These are shown in the seismic line in Figure 16. The location of Fault
I 1s indistinct, and more information is needed for accurate positioning (page 26). Faults 3 and 4 are
located nearer to the proposed injection well and have small normal displacement, but do not appear to
extend above the Third Panoche Formation. Fault 13 dips approximately 30 degrees SE and passes
below the Mendota INJ 1 well injection target at a depth of 9,850 TVDSS. The exact nature of this
feature is unknown, but because its dip orientation 1s perpendicular to the regional principal stress
direction of ~N45E, CES mterprets the fault as strike-slip or due to wrenching or differential settlement
in the basin (page 26).

A fault seal analysis was conducted on Fault 13 using a geocellular model. Based on this analysis, CES
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concluded that sediment displacement across the fault is likely low, and that injected fluid will therefore
be confined to the Second Panoche Sands injection zone. If sediment displacement is high, injected
fluids may migrate but would be limited to zones below the Moreno Shale because the clay from the
Moreno would smear along the fault during displacement (pages 26-27). The clay content, based on
Fault Clay Prediction, is shown in Figure 22 (page 33). At this time, no hydrocarbons have been
identified in exploration wells to determine whether the fault is sealing. Furthermore, CO2 plume
simulations show the plume migrating to the northeast, away from Fault 13 (page 27).

3.1 Questions/Requests for CES:

o What are the blue lines that trend NW.SE in Figure 147 Do these represent fuudts, and i so, which
fuel Fa o . 5

- . 3 Y NI N Foy ontirig Fovaiifce wasireae 4o E IRV S P I iEaids
s states that there ave two bnown foults near the Mendote site. To which

O What iy the extent of the plovmed 31 seismic survey?

EPA Evaluation of Responses: The responses in this section are adequate given available data, and the updated
Agures are helplful.

3.2 Objectives for Pre-Operational Testing:

©  Determing the posision of Faule § via 35 sefsmic data

Schlumberger-Private 13
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Bovinmm 35 veomechonical modeting based on data callected via well loos, venmechanioal
o CYFOFI 37 FECECAGRICE! MOGEHRRG DO8ed OR QO COHedio VIQ Weil 1088, Feomecianica

if iy T Seroaed varitds ¥V oado S of s g o
and well festing, combined with 31 sefsmic dota fo better ¢

Juulis in the greg and defermine their seading capocity and that they are non-iransmissive,

..... ceFuedo et
COFE GRUGIVELY, WEFECIET

EPA Evaluation of Respense: CES’s notes above are acceptable. The proposed sample collections and seismic
modehng should provide a good basis for our understanding of the fault and Facture activity at the Mendota site.

4 Depth, Areal Extent, and Thickness of
the Injection and Confining Zones

The First Panoche Sandstone is regionally located at 8,000-12,000 feet below ground surface (bgs).
Based on the stratigraphic column (Figure 5), the Second Panoche Sands (the primary injection zone) is
approximately 8,900-10,000 ft bgs. A second, potential injection zone is the Fourth Panoche, located
from about 10,900-12,500 ft bgs. These intervals are also shown on the cross section in Figure 6. Section
2.2 of the application narrative states that the proposed injection targets are the First and Second
Panoche Sands, whose tops are estimated at depths of 8,437 and 8,918 ft bgs, respectively. Formation
surface maps (Figure 12) and isochore maps (Figure 13) show that all units are laterally continuous
across the region.

According to the isochore maps in Figure 13, the First Panoche ranges in thickness from about 275 to

750 ft across the 5-mile radius from the Mendota site, the Second Panoche ranges from 780 to 1,170 fi,
and the Fourth Panoche ranges from 1,400 to 2,500 ft.

The primary confining layer is the Moreno Shale, which is regionally located directly above the Panoche

Schlumberger-Private 14
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Formation at 7,000-8,000 ft bgs. On the stratigraphic column in Figure 5, the Moreno Shale is located at
7,350-8,450 ft bes (page 17). According to the isochore map in Figure 13, the Moreno Shale ranges in
thickness from about 500 to 1,650 ft across the 5-mile radius from the Mendota site.

Secondary stratigraphic seals are provided by shales within the Panoche Formation. According to Figure
5, the First Panoche Shale 1s from 8,800-9,000 ft bgs, and the Third Panoche Shale is from 10,300 to -
10,900 ft bgs. According to the isochore maps in Figure 13 (page 25), the First Panoche Shale ranges in
thickness from about 60 to 190 ft across the 5-mile radius from the Mendota site, and the Third Panoche
Shale ranges from about 200 to 1,100 ft.

The north-south trending cross sections are corroborated by the 2D seismic data, in terms of dip and
approximate formation depths. The images based on seismic data do not show the separate shale layers
within the Panoche Formation, whereas the cross-section does. This will be confirmed via pre-
operational testing and the planned 3D seismic survey.

The table below summarizes the depth and thickness of the formations of interest.

Unit Depth Approximate thickness across
AoR (Figure 13 isochore maps)
Moreno Shale 7,332 ft bgs (Narrative pg 18) 500-1,650 ft
First Panoche 8,437 ft bgs (Narrative pg 18) 275-750 ft
First Panoche Shale 8,800 ft bgs (Figure 5) 60-190 fi
Second Panoche 8,918 ft bgs (Narrative pg 18) 780-1,170 ft
Third Panoche 9,950 ft bgs (Figure 5) 150-750 ft
Third Panoche Shale 10,300 ft bgs (Figure 5) 200-1,100 ft
Fourth Panoche 10,900 ft bgs (Figure 5) 1,400-2,500 ft

4.1 Objectives for Pre-Operational Testing:

o Confirm thickuesses and depths of the iwjection and confining zoney af the Mendoia site

. PN SN S SRS S g F R TSRS s APy I N
Hormalion gained uring éf??é’fi}ég S S PROPOSEE IRICCHGH

EPA Evaluation of Response: CHS s confirmatory note here 1s acceptable.

S Hydrologic and Hydrogeologic Information

The lowermost underground source of drinking water (USDW) is an unnamed interval within the Santa
Margarita Formation that is estimated to be present around 1,600 ft bgs (page 18), or 1,415 ft TVDSS
(page 57); this is located 7,165 feet above the top of the Second Panoche Sands (page 59). The total
dissolved solids (TDS) content was determined by applying Archie’s equation to the resistivity logs of 5
wells to the north and south of the Mendota site to determine TDS values. CES states that calculated
salinity indicates that the base of the USDW is between 1,200 to 1,450 feet TVDSS. Uncertainties in this

Schlumberger-Private 15

ED_006132B_00000814-00017



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

estimate include formation porosity, Archie equation parameters (standard parameters were used for
now), and the effects of clay (page 57).

According to field data sheets for wells located in nearby oil and gas fields, the Jergins Formation at
Cheney Ranch and the Blewett Formation at Merril Ave have salinities of 8,500 and 15,000 mg/L,
respectively. The Jergins and Blewett Formations are in the Moreno Shale. Salinities of these sands at the
Mendota site will need to be confirmed via sampling and analysis during drilling of the characterization
well.

CES retrieved shallow groundwater well information from the California Department of Water
Resources. There are 525 active and non-active water wells within a § mile radius of Mendota INJ 1, 1n
all directions from the proposed site. Accurate locations of these wells are not known at this time.

The wells range in depth from 50 to 500 feet. Their water levels, which were recorded at the time of
drilling, were used to estimate groundwater elevation and flow direction. At the Mendota site, the
shallowest groundwater is around 32 feet bgs (114 ft TVDSS). The San Joaquin River flows north south
and 1s 0.6 miles east of the site. For the AoR and Corrective Action Plan in Attachment B, CES used a
fixed well search radius of 2.5 miles in order to account for uncertainty in the model, and so the water
well summary in that document does not agree with the application narrative (Section 5.1.1 of
Attachment B).

5.1 Questions/Requests for CES:

s of the lowermosy USEWY i extimared between 1,200 (0 1,430
o USDI s estimaged af 1415 TVORY. Please clarip

discrepancy.

R YO TR UTOAe ¢ et v fev ad o foygpel feiee Fo if ey RIS STy SEY S0 S 3185 {7
o Pleaxe provide o legend or fubeled contours for the pofentiometric map in Figuve 47,

&

O Figure 46 includes « fine marking the base of fresh water af 10,000 TN Section 2.7.7

ey g BEW of 3000 mp/d. Please confivm that no

of the application narvative &

£

evaluaiions of the lowermaosy UNDW gre bused on o definition of 3,000 mgd.
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OB ¢

the rexolution of the fipure is oo low to read the legend. F‘fﬁm'e p;’f.ﬂviiit & higher

"“1

e 43 also appears o demaroaie fﬁf"f‘zé’" and the UNIDW based nm safinggy, bug
¥

&

rerofuiion version of i

grre 4.5,

EPA Evaluation of Response: The answers are helpful and shed light on some of the questions, however we have a
fow follow up questions.

Follow-up Questions/Reqguests for CES:

«  Ifthe method of estimation to the top of the USDW was the same as the method of estimation for depth
to the base of the USDW, how would it be possible for the base to be any higher than the estimated top
at 1415 L TVDSS?

#  The estimate for the top of the USDW 15 netther considered nor pumdu:i any formation {lwds above the
base of USDW to the surface elevation are considerad USDYY . The data provided in the apphoation and
subsequent replies are a range representing the base of the USDW. Sabmity back-calonlated from Rw
{resisnvity of water) show an estimated base of freshwater at approsimatedy 1415 £

¢ The resolution of the updated Frgure 45 15 still too low. Even with the addition of lines marking a point
of 10,000 ppm TDS, 1f is unclear on what bagis the BFW and USDW are delineated, since these pomts
do not always coincide. Please explain the basis for separating the BFW and USDW in Figure 45

e Figore 45 will be updated with a higher resolution. The lefimost track was generated using zonal tops
where BFW (3,000 ppm) mf@mumon was captursd from well records and used as a top input fiw
prefiminary mapping (CalGEME, 2020, The CalGEMs historical well records do not provide mdformation
on how the BFW {3,000 pprog was determined. Tn the analysis conducted for Mendota INJ 1, the USDW
{10,000 ppm) was determuned by back-calodlating sabimity {ppiy) from resistivity of water, with the
resistivity of water being caleulated using resistivity and porosity.

5.2 Objectives for Pre-Operational Testing:

o SNample formadon waler collected during dvilling of the tnjection and moniioving wells to
determine the bave of the lowermost USDWY and confirm that available resisiivity logs and dasa from

. v v ) . Py A rps Ao e ok dr
nearby fields is reprexeniaiive of the Mendose sire.

3

Verify the salinities jor the permeadle Jerging and Blewet jormations within the Moveno

e}

s

Shale at the Mendoig yite to confivm that none are USDW

EPA Evaluation of Responses: CER’s responses are acceptable.
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6 Geochemistry

6.1 Characteristics of Injection Zone Formation Water

There was no available formation water information in the Panoche Formation at the Mendota site.
Available formation water information from nearby oil and gas fields shows that TDS is 20,900 mg/L in
the Panoche Formation at Gill Ranch, and 14,000 mg/L. in the Moreno Shale at Cheney Ranch (Table 6).

There appears to be only one data point in the table for the Panoche Formation, at Gill Ranch, which is
approximately 6.5 miles to the northeast of Mendota. The table does not indicate which Panoche Sand the
value represents, and the depth is shallower than the target formation at the Mendota site. The text states,
however, that there are wells at Gill Ranch that penetrate through the Fourth Panoche Sand. CES
anticipates a salinity of about 25,000 mg/L. at the Mendota site, although it is not stated what this 1s based
on other than possibly a gencral increase in salinity moving westward.

CES states that logs from wells in the AoR do not indicate that any sand unit has formation water fresher
than the Panoche Formation and acknowledges that this is an area of uncertainty. CES also states that
formation water sampling for the Panoche Formation and overlying sands is included i the proposed
testing plan in Attachment G. The plan indicates fluid testing for geochemistry in both the proposed
mjection well and observation well. Table 10 of the Testing and Monitoring Plan identifies analytical and
field parameters for fluid sampling in the injection zone. It includes TDS along with a suite of other
parameters.

6.1.1 Questions/Requests for CES:

H

o Were any of the data values in Table 6 based on fluid sampling ov well logs? if so, how

4
WRERY Gaia PO For the values P CEEHE

Fenth shoallower then ik
epth shallower than the

The data v

e}

Y 1Y S S
roximaiely 12 mifey soutfin

85 ix + cay g dio A Aevier
Mendota {njec eyt of the Mendoig

T 3 O S s J T TOTE g o Aorrse foowobiteds Seeree B oo £3s .
site. Pleave provide informarion fo demumstvage ihe degree o which data from these flelds

are vepreseniative of the Mendota site.
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EPA Evaluation of Response: Because CES will be collecting pre-operational data, we understand that the
sife- specific geochemical characteristics will be characterized at a later Hime. Ouwr questions below about the
existing data aim to better understand the existing data and how 1t will eventually be compared to site-specific
data (and should be addressed in the updated pormut application that will be submitted prior to construction).
However, this data (and the clanity) are not as erucial to understanding the proposed site as the planned pre-
operational data collection. The first answer in this section is acceptable.

Follow-up Questions/Reguests for CES:

s (ES states that the data source (Conservation, 1998) does not provide the depths from whach
samples were taken, sampling method, number of samples, or the specific wells where the
samples were collectad. Are there available additional sources that can be used to corrchorate
the findings from the Conservation report?

s The Conservation report only provides average depths of the sand units from which the water data ware
obtained. The depths m Chapter 6.1 and Table 6 are average depths of the sand wnits. The water samples
obtatnsd from the wellheads are mostly from the perforation depths, which are not provided in the report,

e Additionally, three injection wells {APL 3900032, 3800053, and 3900057} and two production wells at
(il Ranch Gas Field have recorded depth to basc of freshwater 1n USGS date (Davis ef al, 2018} from
650 1o 965 1. Thes 18 much shallower than the Panoche sands as labelled i the Gill Ranch Field wiach
are expected to have higher salinity at thewr depths greater than 3000 4,

¢ (liation
Pravis, T A, Bemnett, G, Metzger, L. Kjos, AR Peterson, M.F., Johnson, 1., Johnaon, T.0, Brilowyer,
CoAL and Dillon, DB 2018, Data analvzed for the preliminary prioritization of Cabifornin oil and gas
figlds  for  regional  groundwater  momtorimg:  US. Oeclogical  Survey  data release,
Witps:dolorg/ 10 306G/FTREIZDIVE

*  Tabie 6 includes depths for the samples taken. Can CES confirm the source of these depth
values, if they are not from the Conservation report?

&  The depths s Table 6 are average dopths of the geologic wmits from whaeh water samples were obtained.
They are from a DOGGR report {(DOGGR, 1992). The average depth may be somewhat different from the
perforation depths of the wells at which the formation waters were sampled. The report does not provide
the well 1D ar the perforation depths {water sample depth).

+  Onpage 63 of the Permit Application Narrative, it 1s stated that, “The salinity tends to increase
to the west away from the recharge area (Gillespie, 2017) {pg. 63),” but the lowest salnity
value recorded in table 6 comes from Cheney Ranch, 12 miles west of the proposed site. Is
there additional evidence to support the assertion that salinity increases towards the west, or
can CES provide reasoning for the low salinity value reported at Cheney Ranch?

¢ The data point fom the Cheney Ranch Field is from the Jerging sand in the Morane shale, o different

Schlumberger-Private 19

ED_006132B_00000814-00021



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

stratigrapdue wut from the stratigraphic tntervals near the proposed injection well site. This sand i3 not
laterally sotonsive as i is not prosent in nearby fields, and its hydrologic svstom 15 likely not connscted to
the proposed Panoche sands. Therefore, this data point may not be a good mdicator for the salinity in the
sands of the Panoche formation as defined m this report.

6.1.2 Objectives for Pre-Operational Testing:

o Confirs the TS values i vhe sand wnits within the Pancohe Formution and in the Moreno Shale,

fveis in the inmjection zome fo provide inpuis 10 support the

£
modeling and  determine whether avaifable daio JROm REQESY Jigidy IR

¢ Mendoia site. The analviicad parameiers shonld maich/provide o baseline

o funure sesiing and moniioring,

EPA Evaluation of Response: The proposed pre-operational tests are adequate to support the geochemical
maodeling effort. Al of these parameters are 1dentified in the Testing and Monitoring Plan, except specific
gravity, turbidity, hardness.

Follow-up Questions/Requests for CES:

+ Please also include specific gravity, torbidity, and hardness in the Testing and Monitoring Plan for
consistency.

e  Table 7 in the Testing and Montoring Plan meludes the above-mentioned tests for specific gravity,
wrbrdity, and hardness as well as the full range of tesis that will be performed.

6.2 Mineral Composition of The Injection Zone

Mineralogic information for the injection zone comes from the Fourth Panoche Sand at the B.B. Co
I well, which 1s in the AoR (within 2.5 miles northeast of the proposed injection well). The
estimated mineral composition for the Panoche Formation described in Table 7 1s proposed for
geochemical modeling. However, Table 7 does not specify which Panoche sand layers the data
represents. Data specific to the targeted mjection zone (i.e., the First and Second Panoche Sands) at
the Mendota site will be needed.
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fuble T. Estimated mineval composition (wi. %) for the Panoche Formation used in
geachemical modeling

60 19 = 43 0.3 2 6

Kaolinie

Trace

The testing plan in Attachment G describes planned core analysis by x-ray diffraction for core
samples in both the proposed injection well and deep monitoring well.

6.2.1 Questions/Requests for CES:

o WY O pies aposed 0 be unalyzed and from what depihs!

o fioes CES propose to perform ather analvses of core samples besider XRID fo document

she mineredogy of the infection zone fe 9., polarized Hight microzcopvi

i

EPA Evaluation of Response: The proposed core sample analyses should provide a good understandmg of the
target formations” geochemistry, and the spacing range of 20-30 feet per sample should provide sufficient
resolution.
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6.2.2 Objectives for Pre-Operational Testing:

O {igin a mingral o none and confining cone solidy that

7 Geomechanical and
Petrophysical Characterization

Petrophysical properties of the injection and confining zones were estimated using the well log data from
10 wells to the north, east, and south (primarily to the east) of the proposed injection well drilled between
1942 and 1987 (Table 2); the data were analyzed using Techlog software. Only two of the wells listed in
Table 2 are within the 5-mile radius as shown in Figure 8--these are B.B. Company /1 (2.32 miles to the
northeast) and Sterling-Coleman/1 (about 4 miles to the southeast).

The well log data were upscaled and used as the basis for populating properties throughout a geomodel,
which ultimately supports numerical modeling of the Mendota site.

On page 34, CES states that “The petrophysical workflow involved building a model using well log data
from NAPA AVE A/1 calibrated to core data for the same well (TGS, 2019).” The NAPA AVE A/1 well
is 3 miles east of the site.

7.1 Questions/Requests for CES:

NN o ced Fhn o ewvews dov End e T T - ettt 3w An s R F L b ire PR et sy ot
v that the available povosity and permendility values are bosed o

EPA Evaluation of Response: The response is adequate given the amount of available information.

53

O Whar methodish wasfwere used (o calibrare the well log dota to the cove daia?

Schlumberger-Private 22

ED_006132B_00000814-00024



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

EPA Evaluation of Response: The response explams the general approach. If we understand correctly, the
petrophysical properties were estimated from well-bore data using the Techlog® Wellbore Software Platform and
the Quanti. Elan* multicomponeni inversion solver and were estimated independently from laboratory analysis of
the core data. The response above mdicates that the model for permeability and porosity from well lab data was
then calibrated via overlay with the dopth-matched core data.

We understand that calibration would be refined once site-specific well logging and core data are available.

The narrative states on page 38 that, “The total porosity of the injection zone was determined from

cither the bulk density or compressional slowness depending on data availability (Figure 27 We

assume that when well loggimg 1s complete for the mjection well, that petrophysical estimates will be

Puipand

able 1o be done synthesizing multiple logs (sonie, density, neutron, ¢te.) for a refined estimate.

Follow-up Questions/Requests for CES:

s Is our understanding regarding methods used to calibrate the well log duta 1o core data correct?

& Yourunderstanding is correet. After logs and core have been obtained frorm the mjection well, permsadilivy
and porosity estimates will be refined, and geology and reservoir models will be updated using these data

o What is the evrori

EPA Evaluation of Response: The answer 18 responsive in acknowledging the sources of uncertainty. It does
not, however, provide a general estimate of how large the errors mught be and how the core to well calibration
helps in addressing the uncertamty.

Follow-up Questions/Requests for CES:

*  Incases where there 18 less agreement betwoen the cores and low-based estimates, 18 the
core data considered authoritative? Are there concerns about bias in the core data (e.g.,
due to heterogencity m the formation or possible damage to cores during drilhing)? If so,
how will this be managed?
s The corrent core data are not considered o be authontative due to the age of the reports, the cmpirical
permeability caloulation, and the lack of any historical information on the core. It is not known how the
care points were picked, taken, processed, or analyzed, thus values needed to be accopted as given, The
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sore values that had less agreernent to the logs will be reviewsd tn detail with new core and log sogquimnon
to determine whether anv changes can be made to the petrophyvaical model 1o help with the log-to-core
calibration or if the cores themselves are of poor quality and not a good representation of the formation.

e CES explains on page 34 of the narrative that, “Petrophysical results show a reasonable
estimate of total porosity and permeability; however, there is uncertainty on the effective
porosity because an empirical relationship was used to estimate irreducible water.” How will
the uncertamty with effective porosity be addressed?

+  With currently available log data (one porosity data pomt, NAPA-AVE 1, 8 mules east) there i Hitle that
pan be dong to decrease the uncertainty. Sue-specific data will reduce overall project uneertaimy. In
addition, using the site-specific data, an wneertainty program witl be designed to wnderstand model
sensitives i greater detail, analyzing varables such as effective porosity. When core 18 soquired, effective
porosity {with a range of ereory will be caleulated vin lnboratory measursments.

© Wil the same methodis) be used fo calibrate the corve daia to the well log data af the Mendoia sie?

EPA Evaluation of Response: The response is generally acceptable. We agree with the need for zone to
zone adjustments and the larger suite of information that will be available with the anticipated logging and
core analyses.

Regarding the primacy of core data in calibration, sce our above comment/question about how any mstances
of poor agreement and potential bias between log and core samples will be addressed.

Please include a more detailed explanation in the updated application regarding the cores, ther guality, and
the laboratory results in order to clarify how robust those data will be for calibration of the log-based
estimates.

e Anupdated, more detailed explanation of the work with core and logs will be included in the apphication.

o What is the sparied vesolution of the log measuvemenis?

EPA Evaluation of Response: The response s acceptable.
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7.2 Objectives for Pre-Operational Testing:

Ry " Ten S OF &l ROV S SUTNC IV SUUPeD J I NP
o Gather site-specific measuremeniy during drilling of ¢
strength, elustic properties, and in situ fdd pressuves within the
an evaluation of confising zone infegrily.
O

EPA Evaluation of Response: The proposed core analyses are appropriate. In addition, in-situ fluid pressures
will be obtained during driling, fall-off testing, and other formation testing that will be required pursuant to
permit conditions and 40 CFR 146.87.

Porosity

The average Panoche Formation porosity estimates range from 20% in the First Panoche Sand to 10% in the
Fourth Panoche Sand (Table 3). Average estimated porosity in the primary injection zone, the Second Panoche
Sand, 1s 18% (page 39). The Moreno Shale is estimated to have an average porosity of 8%.

Total porosity of the injection zone was determined from bulk density or compressional slowness (run in 5 wells
to the east and southeast of the proposed injection well). The clay volume (VCL), estimated from spontancous
potential or gamma ray logs (run in 10 wells), and irreducible water were then used to estimate effective porosity;
the water associated with clay minerals and irreducible water must be removed from the total porosity to estimate
effective porosity. CES acknowledges that there is uncertainty in the estimated effective porosity because an
empirical relationship was used to estimate irreducible water.

7.3 Questions/Requests for CES:

af way used fo exfimaie frreducible
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EPA Evaluation of Response: We agree that, specific methods aside, uncertamty will be reduced with
additional data. The proposed data collection described n the various responses in this document appears to
be appropriate. When the application is revised, we will anticipate reviewing a description of the empirical
relationship relating porosity and permeability to irreducible water and what assumptions or limitations it
entails.

Follow-up Questions/Reguests for CES:

+  The values of 20% and 30% are specific values rather than relationships. Are these
assumed to be typical values? I so, on what information are they based? Are these
values belioved to represent simnlar hithologies in the region?

® With no specifie data on irreducible water, experience m reservoir modeling was used to speoify values of

20% and 30%. Futore trredusble water caleulations will use data from logs and core to develop empirical

relationships for petrophyvsics.  These new calonlations will available to help refine the sumulation
modeling.

+  YWhen the permit application is revised, please provide a descoription of the empirical
relationship relating porosity and permeability to irreducible water and what
assumptions or linuiations it enails.

e (CESwill provide in the revised apphication a deseription of the relationship between porosity, permeability,

and irreducible water, including any assumptions and hmitations that were used.
AV i 4 i

o - NAPA

i or the VYOI estinuney, fz whie 4 (‘;’izi?m*s*‘aiaz,?f}f‘ summary e cove YR
148 snpies. ?i”z‘:‘f ;";’?( ¢

i
)

&

< x
g

oo podis for clean \:zw’ frmi shals

EPA Evaluation of Response: The response is acceptable. Although it does not specify what sand and shale end
members/reforence points CES used m their preliminary estimates 1o date, CES should have the necessary data to do
a refined analyais once their data collection has been done.

o The gpplicaiion narraiive siaies, os
considered 1o be shule and anyihing
basis for this interpretation?
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EPA Evaluation of Response: The response does not provide a basis for thg, 30% value,
Howaver, this point may be moot as the response suggests that the HRA will enable the selection
of a site-appropriate cutoff valne. In the revised version of the application, please provide a
description of the advantages and limitations of the HRA and the resulting facies assignments.
o~ How many analyses for porosity ave proposed to be performed with cores from drilling of the
propaged infection well and obsevvaion well?

o

EPA Evaluation of Response: The answers are generally acceptable; see more specific comments and questions
for this section,

7.4 Objectives for Pre-Operational Testing:
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Permeability

The Panoche Formation permeability estimates range from 300 mD in the First Panoche Sand to 87 mD
in the Fourth Panoche Sand (Table 3). Estimated average permeability in the primary injection zone, the
Second Panoche Sand, is 290 mD (page 39). The Moreno Shale is estimated to have an average
permeability of 4.7 mD (page 39).

Page 38 of the application states that: “The intrinsic permeability was estimated based on the porosity and
lithology of the formation (Herron, 1987) using the wells around Mendota INJ 1 (Figure 29). The
lithology model consisted primarily of Quartz, Clay and Feldspars based on the core from NAPA AVE
A/1. The relationship of porosity vs permeability is show in Figure 30. The average permeability of both
the injection and confining zones is shown in Table 3 and Figure 31 shows the spatial variations in
permeability thickness (KH) for the different formations.”
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7.5 Questions/Requests for CES:

o How many analvses for permeability ave proposed to be performed with cores from drilling of
2 I )7

the praposed njection well and obiservation well?

M

3 e AFEY TN e Fa i i Y I Aeyfoy Rorprr s st frersi
fe.g, on page 408 fnes s refer (o the VUL Jata devived from

EPA Evaluation of Responses: The responses wre acceptable

7.6 Objectives for Pre-Operational Testing:

a5 Fer
¢
£ LS

data 1o support :f'{}tsgui?{:,sg-?ci pevmenbility cofovfotions and calibration o core

fog doare thar will help ides

&)

vertical fie seneity inpermeabilitv,

8 Mineralogy, Petrology, and Lithology of
the Injection and Confining Zones

The Panoche Formation consists of layers of deep marine shale and submarine fan deposit intervals (page
15). Although the target injection zones are the First and Second Panoche Sands at the proposed injection
site, CES bases their description on a core sample from the Fourth Panoche Sand (Depth: 11,422 - 11,471
ft) taken at the B.B. Co Well 1 located 2.32 miles from the storage site. (page 64; Attachment B, page 20).
The Panoche Sands contain a mixture of sandstone and conglomerate. The sandstone contains mostly
coarse, poorly sorted quartz and feldspar grains, cemented by calcite. There 1s also an abundance of biotite
with low amounts of chlorite, muscovite, and pyrite (page 64). This analysis is consistent with a sample
taken from NAPA AVE A/l located 9 miles from the site at depths between 8,200-8,751 ft, roughly
correlating with the depth of the proposed injection zone (page 34).
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Table 4 shows that the lithology of the NAPA AVE A/l sample, obtained through core X-Ray Diffraction
(XRD) consists primarily of quartz, clay, and feldspars (page 39). Uncertainties include lateral conformity
to the site, leading to potentially different minerology and reservoir properties. CES plans to sample a core
at a characterization well (page 27). CES has done initial geochemical modeling to address the potential
for mineral precipitation and dissolution, with possible changes in porosity and permeability.

Future cores should include samples from the confining layers, with measurements of

mineral composition.

8.1 Questions/Requests for CES:

o The NAPA AVE 477 sample is sofen of o depth that corvelotes io the injection sone. {u ;,.f:;ge {8

o wovsred s chro i fir Frteseed owdenns o Taesoe Fo #ome i
G somd and shale facies vary in laterad extent and thickness. ks theve addivional ¢
§

i
hal (he injection sone sample faken from NAFPA AVE 4 ':’ is anglogons fo the site injection

EPA Evaluation of Response: The response 1s adequate given the amount of available information.

8.2 Objectives for Pre-Operational Testing:

"

o Otain core sampdes duving d :if.r.e?m,j e proposed injection well {?%‘?(f <"§<’~
e the mineralogy and Hihologies of the fnjection and confini

o monitoring well fo

29
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9 Seismic History and Seismic Risk

The Mendota site is located near the center of the San Joaquin Basin, which is less tectonically active
than the margins of the basin. Historical earthquake data were obtained from the USGS Earthquake
Hazards database. All earthquakes in the region since 1900 with a magnitude greater than 2.5 were
taken into account. Major fault systems in the region include the San Andreas Fault approximately 40
miles to the southwest and the San Joaquin and Ortigalita fault systems approximately 15 to 20 miles to
the south and west. The nearest cluster of quakes, all less than 5.0 magnitude, occur along the San
Joaquin and Ortigalita faults and are shown on the map in Figure 42. The largest nearby quake was the
Coalinga Quake with a magnitude of 6.7 in 1983, located approximately 36 miles south of the Mendota
site (page 53). The nearest to the Mendota site were three small quakes (<3.0 magnitude) between ~2.5
to ~5 miles away; the most recent of these occurred in 1998 (Figure 43). The application states that the
relative risk of the proposed site is low compared with the active zones associated with major faulting
(page 53). In order to more fully assess seismic risk at the Mendota site, more information will be
needed about local stresses and fracture networks (page 54).

9.1 Questions/Requests for CES:

Tl n i i civr seeser 8D wd s froed 4o srdeetinig pivk ed ihe mrerur o oite iv fei
o fhe sij?;?f:ﬁ&fé()ﬁ, G page 33 SIGIeR, al ine Feigiive Fisr of ing Preposed Sife iy fow
: -

compared with the active zones associated with major fauliing. 7 Please olarify how the

ST VTN FrrY SRS PRI PN Y
selymically gotive region.

EPA Evaluation of Response: This response appears to be adequate; however, the results of the evaluation
CES deseribes will need to be roviewed prior to authorization o inject. It is assumed that this risk evaluation will
be mcorporated into the risk register that CES descrbed as part of their responses o questions about the proposed
Emergency and Remedial Response Plan.

EPA recommmends that the evaluation address low the project:

+  has a geologie system free of known faults and fractures and capable of recoiving and
containing the volumes of CO:proposed to be ingecied.

s The interpreted faults and Fractures will be described after the 3D survey md FMI duta are acoguired and
processed. Mote that only seismucally resolvable favlts will be interpreted. Faulis below seismic resolution

will rermain that below rosolution. The subsurface contamment systern will then be compared to the
position of the known facture and fault systoms and reported to the EPA o confirm the capability of the
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N gy ey

syatem o contain the injected CO2

+  will be operated and monitored in g manner that will imit risk of endangerment to USDWs,
including risks associated with induced seismic events.

¢ Priorto injection, & rmicroseistic baseling is proposed o establish the background mucroseismiciey in the
arca. Continuous mucoroseismio monttoring will be porformed durtng the sntirety of the injection pariod.
The mjechon pressures will be below the threshold pressure (using the fracture gradient information
solieoted from the characterization well) at which injection would be expected to create mucroscisnus

£venis.,

«  will be operated and monttored in a way that in the unlikely event of an mduced event, risks will
be quickly addressed and mitigated; and

e Confinuous microseismic moniforing is the most relinble method for detecting microscismic gvents in roalk
tiowe, and the real-time component of the mondtoring program will enable quick caleulation of the
magnitude of microseismie events, Mitigation measures from the ERRP and Risk Register will be followed
immnediately based on the magnitude of the event.

¢ poses a low risk of mducing a felt seismic event.

& Priog i mjechion, a misrossismic bascline is proposed fo estabhish the background microseisricry in the
area. Continuous microseismic monitoring will be performed during the injection parind. The injection
pressurcs will be defined to remain below the threshold pressure (using the fracture gradicnt information
collected from the characterization welly at which njection would be cxpecied to oresio microsgismic
pvents. Although the minimum magoiude that can be felt varies based on hypocenter depth and sodl
condifzons, micreseismic monitoring and the risk mitigation measures will be implemented n & manner
that takes magratades that can be reasonably expected to be felt into account.

9.2 Objectives for Pre-Operational Testing:

e Ercsmmiered inior : ATE I e v Btie foeer Tl FeiE e s FE ey Ty T T
e ceamechanica! formafion (dipole sonic logs), formution microimage

vy, and micro-seismic maontiori

10 Facies Changes in the Injection or Confining
Zones

The facies descriptions and depositional history as described in the permit application are consistent with
the presence of interbedded shales and submarine fan deposits, including a lenticular shape for the
sandstone units.
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The description of the lithology from the B.B. Co 1 well is at a depth corresponding to the Fourth
Panoche Sand. Figure 5 in the application narrative, however, shows the Second Panoche Sand as the
primary injection formation, with the Fourth Panoche Sand as an optional formation. Given the latter,
and the vertical heterogeneity inherent in a shallow marine environment with turbidites and shallow
marine shale facies, the lithologic characteristics of these two sands and the surrounding shales at the
Mendota site will need to be confirmed during the pre-operational testing program. This would help
identify any facies changes that could provide potential preferential flow paths (i.¢., high permeability
zones) or otherwise affect containment and fluid movement.

CES has indicated that 3D seismic profiling and a characterization well will help in assessing the extents, thicknesses,
and lithologies of the injection and confining zones.

10.1 Objectives for Pre-Operational Testing:

"

BT S ey i er i B e e 22T FO Fien g . P P S P o yge ¥ gt oy v
o Characterize the geologic uniis, including the geometry, thicknasses, and extenis of the sand

and shode units and con

i that these are consistent with curvent understonding of the

i
$i0 seismic

5o

aeposifional MSiory and faoiay ui?&?ﬁ\ﬁ;cﬁx gxpecied gif ihe Mendota site based on the 3

L
Pies ciarrdendng By o fottesritiney  ruass s AU SR I P I SN S Y P PRSI U S-S Sy
ity sugtabidity for injection, including facies changes thar could fucilitaie preferentiaf flow,

S

PG 5 T S S Foetre £ 0w 5 RN ST ST ORISR
o Collecs selsmic, cove, and well logging date thar will suppors characrerization of subsurface

hetevogeneiyy and refinement of g 1y

, ;
ed geomodal

EPA Evaluation of Responses: The responses are acceptable.

11 Structure of the Injection and Confining Zones

The Panoche Formation and the Moreno Shale formations were deposited at the same time as the Great
Valley deposits in the east and pinch out against basement rock to the cast as shown in Figure 3 and
Figure 4 (Bartow, 1990) (Scheirer, 2003). It is difficult to confirm the pinch out as a sealing factor from
Figure 4 (page 16). CES states that models of depth, thickness, and areal extent of the mjection and
confining zones were created using well and 2D seismic data that were incorporated into a geomodel in
Petrel (page 33). Future cross sections should show an aerial view with transects labeled.

The current information on the general geometry of Fault 13 is shown in Figure 22. There are, however,
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uncertainties regarding its characteristics (e.g., displacement, sealing capabilities). CES plans to clarify
the fault’s location and characteristics.

CO: plume simulations show the plume migrating up-dip to the northeast, away from Fault 13 (page 27).
The regional dip of this and other formations is noted as being about 4 degrees to the southwest (page 18;
Figures 16 and 17). On page 71, however, the text states that *“...The regional dip of this [the Panoche]
and other formations is to the northeast; this implies that the injected CO: will migrate approximately 2
miles to the northeast (Section 3).” The text on page 71 may be in error as it is inconsistent with other
sections of the text and with the figures and cross sections.

11.1 Questions/Requests for CES:

iFthe foxt on page 7

P

wing the dip o the NE iy in ervor as it is inconsi

4
& o

ST ER s Rraie v ian 38 OTRer Coriie ; o rrited wirEd Y[)" sweerd Fonres
WELR GINCUHSSIQH I QIACY SECTIONS QR WHR SEVErds Jigures.

s foior fas $his is not

ad? I sa, please provide evidence 1o confivm the pine

PO QORFIRCRICHTS

o

R
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EPA Evaluation of Responses: The responses in this section are acceptable. We understand that SCAL will be
done to better constrain relative permeability and capillary pressure.

11.2 Objectives for Pre-Operational Testing:

U iy dres s Bt oo frrias s cswn et orsen Fiun gy S s € sorsed s 2% NS o SN
Verify fault locations and sealing properties based on the vesults of the 30 seismic survey,

£ ;

&)

o~
k94

Canfirm the loteral thickness and homogeneity of infection farg

EPA Evaluation of Responses: The responses are acceptable.

12. CO2 Stream Compatibility with Subsurface

Fluids and Minerals

Section 2.8.4 (page 65) and 2.8.5 (page 66) describe the geochemical model setup and reaction path
simulations that were performed to assess interactions between the injectate and the formation solids
and fluids. Modeling was done using the geochemical modeling program Geochemist’s workbench.

CES notes that the simulations show a net reduction of rock mass and volume. This would result in
creased porosity and (potentially) permeability.

CES should update the initial geochemical modeling effort when new data on fluid chemistry and
mineralogy are available from the formation testing. Potential effects of water-rock interactions on
porosity and permeability may require more refined modeling and will not be fully known until the
operational phase of the project.

12.1 Questions/Requests for CES:

s34

o W swface arsa (BETY measuremanis be done o refine the modeling?
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EPA Evaluation of Responses: The responses are acceptable.
{Mjectives for Fre-Operational Testing:

ot s rpsed Foveeioe rdre o
HUSIFY ana WHRERY QEGEIC el
i

cosdivion O TR S ;sb (g and formaii

& £
and monitoring wells o provide fnpmas 10 the genchemicn! :P*u(‘i‘)?i?“

13. Confining Zone Integrity

The integrity of the upper confining zone (Moreno Shale) is based on the thickness and continuity of the
unit from seismic and other information, the presence and properties of faults and fractures, and
information on petrophysical and lithologic characteristics from available core and well log data.
According to the isochore maps in Figare 13, the Moreno Shale ranges from 800-1,650 feet thick in the
proposed AoR (page 40). This will be confirmed during testing.

The current porosity and permeability estimates for the Moreno Shale are 8% porosity and 4.7 mD for
permeability (Table 3). The porosity appears low and the permeability appears somewhat high for a shale.
These need to be confirmed with site-specific data collected during pre-operational testing. Other
parameters relevant to confining zone integrity include the capillary entry pressure, which was estimated
using the Van Genuchten model because of the absence of laboratory measurement (page 50). CES notes
that other tests to assess confinement zone integrity include formation microimage log measurements and
drill stem testing (DST) or Modular Dynamics Tester (MDT) stress testing (page 50).

13.1 Objectives for Pre-Operational Testing:

N 2.

o Opafiem mineralooy, porosity, permeabilitv, copiflary entry pressuve, and geomechanicad

BrOPEriies (g,f' e '?'awzm Shale based on cove sampling and laboraiory megsuremenis o

confivm thar the Moreno Shale will rotain its integrity at planned operating conditions {ie.,

ISR DIOSSuTes

- :
et 1o aliow 0{3‘} based

o~
k94

o st for changes in capiliory enry pressure due to reaction of the shale with the injeciate via
¥

faborator PV eXperinenty.
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Moreno Shale.

wysure of the

EPA Evaluation of Responses: The responses above are acceptable,

Schlumberger-Private 36

ED_006132B_00000814-00038



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

ENCLOSURE 2

Evaluation of Applicant Responses to EPA’s Technical Review Comments
on the Proposed Emergency and Remedial Response Plan and Financial
Responsibility Cost Estimates in the CES-Mendota Class VI Permit
Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-
Mendota Class VI UIC Permit. EPA’s Technical Review Comments and recommendations (dated October 1,
2020) are in black or biug toxi. The applicant’s responses (dated November 2, 2020) are provided in g
EPA evaluations are in red text. EPA expects that most of these questions can be answered based on available
nformation and requests that they be addressed in the updated permit application that CES plans to submit later
in 2021. However, where applicable, EPA notes below that some cannot be fully addressed until the well is
constructed and pre-operational testing is performed. No confidential business information 1s included in this
document.

Emergency Identification and Response Actions

For a holistic documentation of the response, EPA recommends that, for each scenario, the following be
identified: severity of the impact: (1.e., high, medium, low); likelihood of the event; timing of the event (i.¢.,
project phase); avoidance measures in place to reduce the likelihood of the event (e.g., maintenance or
monitoring); detection methods that reflect planned testing and monitoring; response personnel; and equipment.

EPA Evaluation of Hesponse: The risk register appears to be comprehensive, well documented, and specific to
gvents and project conditions, which will support the permit record. A fow comments are provided:

¢ Project phase: EPA suggests that these align to Class VI project phase terminology (1.e., pre injection,

injection, post-injection} for consistency with other attachments.

+  Reverity: Not all-nataral disasters would necessarily be catastrophic or have catastrophic effects on
the project (although all must be mvestigated/addressed as desenbed).

«  Avoidance measures: EPA suggests that these focus more on planned USDW proteciion activities,
¢.g., injechion within permitied pressure/rate lmats; well maintenance, testing, and facihity safoty
measures: alarm and shutdown systemas. {This would be N/A for natural disasters.}

+  Hguipment: For the fluid leakage, natural disaster, and seismic event seenarios, response equipment
may also include well repair equipment {(e.g., workover rigs} to address potential damage to the
injection or monitoring wells,

To make the Emergency and Remedial Response Plan document (which would be attached to the UIC permuit)
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more comprehensive and consistent with the risk register, EPA recommends that certain information from the
risk register be incorporated into the plan document. For cach emergency event in the plan, please melude
mdividual sections that describe:

+  Seventy;

+  Timung of event;

¢ Avpidance measures;

+  Detection methods (from the “Risk Triggers” colomn in the risk register):
+  Potential response actions (as presented m CES’s current draft);

+  Response personnel; and

+  FEgupment,

Note that EPA has recently updated the E&RR Plan template to add these sections. It is available in the Project
Plan Submissions module of the GSDT, please use this new template.

s CES has downloaded the sow E&RR Plan template Fom the GSDT and has updated accordingly with the

content as requested above. It can be found 1in Appendix B below.

EPA also recommends some additions/revisions to the descriptions of response actions for the specific
scenarios 1dentified in the plan. These are summarized in the table below:

&

EPA Evaluation of Response: See the far-right cohumn in the table below.

Regarding the request to explain how the selected seismic thresholds are considered to be protective of
USDWs, EPA requests (brief} threshold-specific justifications to support its documentation that the project
addresses seismic threats that could endanger USDWs. For example, why ovents i the green category are not
anticipated to affect well integrity or affect contatment (and require minimal response}, while orange or
magenta-level events necessitate a more complex response.

#  The cffects of microssismic events on well integrity and contamment are difficult to determine with our
current understanding of the faulting, Fracturing, and geormechanics of the subsurface,

¢ Aflter CES acquires and processes the 3D seismue swrvey and FMI data in the charasterization well, & much
clearer understanding of the positions of the faulling and facturing in the subsurface will be established.
The positions of faults and fractures will be combined with the geomechanical information generated from
the downhole logging prograrm and core analysis to generate a 30 seomechmucal model of the subsurface.

s Using the results of the geomechanical model, CES will determine i the current thresholds are appropriate
for the categories cwrrently proposed for the site, IFCES belioves the thresholds can be appropriately tuned
to site-gpecific conditions, more appropriate thresholds will be suggested (n coordination with EPA) fur
soismic ovents, and site-specific color categories will be assigned.

EPA also reviewed other revisions to the E&RR Plan text and offers these minor comments:

«  Onpage &, wo suggest that Section 4.1 reforences nisk register seenario 1 to be consiatent with
other references from the E&RR Plan to the risk register.
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+  Onpage §, should “cease operations” be part of the response actions?
¢ Onpage 11, second bullet, the text “clectrical malfunctions without endangering a USDW, repan

faulty componenis” appears twice.
«  Onpage 14, second bullet under minor emergency, we suggest the response to a loss of Ml refer to
the “immediate shutdown plan” fo differentiate from the third bullet.

39
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Event/Scenario

EPA Comment/Recommendation

E P4 Review

All

\Add: “Limit access to wellhead to authorized
personnel only.”

This will be added to section 4.1 and the magenta
and red levels of the seismueity table

Fricluded for sections
4.24.5; please add this to
section 4.1 and the
magenta und red levels
of the seismicity iable
Noted fr section 4.2,
this should be under the
vesponse aciion, not the
description of the
SCEeRario

Well Integrity Failure

Response actions could also include: “If a shut
off 1s triggered by mechanical or electrical
malfunctions without endangering a USDW,
repair faulty components.”

Ty

4ddvessed

Injection Well
Monitoring Equipment
Failure

Expand this scenario to include other equipment
failures and damage to the wellhead.

oA ddressed

Injection Well
Monitoring Equipment
Failure

Response actions could also include:

e Evaluate the cause of the failure, and mitigate
if necessary (i.e., repair equipment).

e If there 1s damage to the wellhead, repair the
damage and conduct a survey to ensure
wellhead leakage has ceased.

e Confirming well integrity prior to restarting
injection will be part of the response for
raor and minor emergencies (upon approval
of the UIC Program Director).

\4ddressed

\dddvessed

Supoest that "Confirm
well integrity...” be part
of the response to major
sand wminor emergencies

Injection Well
Monitoring Equipment
Failure

Response actions for a Major or Serious
emergency could also include:

+  Review downhole, wellhead, and annulus
pressure data.

solate the nearby area, if needed; establish a safe
distance and perimeter using a handheld air-
quality monitor.

e Perform a well log/MIT to detect CO2
movement outside of the casing.

4ddvessed

Potential Brine or
CO2 Leakage to
USDW

This scenario should encompass: any evidence of
CO2 or fluid movement out of the injection zone
(1., not necessarily to a USDW) to address
unanticipated events associated with faults or
other pathways; any potential USDW
endangerment/unacceptable changes in water
quality; and CO?2 leakage to the land surface.

\4ddressed

Potential Brine or
CO2 Leakage to
USDW

plan to perform to determine the severity of the
event, e.g., sampling, pressure falloff test, Hall

Plot analysis.

CES should identify what types of activities they |f

4ddressed
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Event/Scenario

EPA Comment/Recommendation

E P4 Review

Potential Brine or
CO2 Leakage to
USDW

Other appropriate steps may include:

e Address a well integrity 1ssue, including
taking specific steps to identity the location
of the failure/leak, affect repairs, and
demonstrate MI.

Isolate the nearby area, 1f needed; establish a safe
distance and perimeter using a handheld air-
quality monitor. Brine leakage will be monitored
via pressare sensors al the swrfbee and penodic
visual mspections.

\Addressed {there are o
few typos in the added
text, however)

Natural Disaster IAdd to the responses to a minor emergency: \Addressed
“If there has not been a loss of mechanical
integrity, initiate gradual shutdown.”

Induced Seismic Event  [This section and the title should refer to induced \dddressed

or natural seismic events.

Induced Seismic Event

Please explain how the selected seismic
thresholds (i.e., magnitude, distance from the
project) are considered to be protective of
USDWs.

Additional information
is requested (see above}
Please see the discussion of
microsesmic modeling at
heginning of this section,

Induced Seismic Event

In the green operating state: add “Document the
event for reporting to EPA in semiannual
reports.”

\4ddressed

Induced Seismic Event

At the yellow, orange, and magenta operating
states, add: “Initiate gradual shutdown of the well
if it is determined to be appropriate.”

4ddvessed

Induced Seismic Event

Recommended edits to item 6 of the magenta and
ed operating states:
e Determine if leaks to ground water or surface
water or a CO2 leak to the surface occurred.

e Ifa CO2leak or USDW
contamination/endangerment is detected:

a. Notify the UIC Program Director within 24
hours of the determination and implement
appropriate remedial actions i consultation with
the Director.

4ddvessed

Induced Seismic Event

Please describe the “rate reduction plan” in the
response to the magenta operating state. Does this
refer to gradual shutdown?

\4ddressed

Induced Seismic Event

In the red operating state, item 1: “Initiate
immediate shutdown plan.”

\dddvessed
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Response Personnel and Equipment

* [s the phone number for the control room technician on duty a 24-hour number? If not,
please provide one.

EPA Evaluation of Response: Response is acceptable. EPA recommends that CES note that this is a 24-hour number
in firture revigions o the plan.

¢ Please include contact information (name, 24-hour number, and email address) for the plant manager.

EPA Evaluation of Response: The contact was added to the plan; response is acceptable.

Staff Training and Exercise Procedures

= Please provide a copy of CES’s site specific standard operating procedures and training program

EPA Evaluation of Response: Response is acceptable.

= Will the ERRP be incorporated into a site safety plan as well? If so, please include.

EPA Evaluation of Response: Response is acceptable,

! State of California Department of Industrial Relations, Cal/OSHA, California Voluntary Protection Program,
Bttpawww divcasov/dosh/oal vep/eal v index b, accessed October 30, 2020

Schlumberger-Private 42

ED_006132B_00000814-00044



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

Financial Responsibility

PART 1: Cost Estimate Evaluation

usestionsReguesis for CES:

o Ji appears that CF, vmv’ estimaies were generated using the FPA FR Cost Extimarion Tood, if this is the
case, can (BN con fzw ail of the activiries planned for post-infection site carve and site closure, and
ERMEFSERCY Fexponse are addressed in Eik uwf esiimate? (1 is assumed that corvective aciio Cing

rging activities will be similar fo the aoiivities an which the {,I 3¢ T

EPA Evaluation of Response: Response 1s preliminarily aceeptable. When CES provides specific cost estimates, EPA
requests that the estimates be documented and as detailed as possible to afford a comparison to the Cost Tool-generated
estimates for each activity for which financial responsibility is required.

o Fhe cost estimaies should vepresent oogiy for an fiii'?}{’{}{?ﬁé{f&i‘hf third paviy o perform cach aciivity {ie, not
g “discounted” rate provided o OES o its consulioms). I)ft‘(i‘@’l; confive that the cost estimates pron ’M:»‘a’
are for an independent third paviy 1o conduct the goivisiey dexeribed in the correciive aotion, phugaing,

sife cove and site oloswve, and eme sy gad remediol vesp s plans of the permii
o Aﬁ sernatively, if the esiimenes provided do not represent cosis for an independent thivd pariy

s . i B IE Ty oV ET R peer gl & 2 es R ET AN e PR E Y T e LTV Y
CHVETeR, FHERSE FEVIRE and reyubmii ihe extimeates aooovdin

EPA Evaluation of Response: This approach is acceptable; EPA will review the cost estimates when they arc

provided.
s Please provide the dave of the cost estimate and revise o refiect curvent year fie.,
JO20% dollars,
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EPA Evaluation of Response: Response is acceptable.

Fuzre Consideravions Based ow the Results of Pro-Operationad Testing Meodeling Updates:

s Confivs qysumpiions abous the depsh and diametery of the Irjection well and monitoring wells

Baved on fingd plans/as-buddi specificarions.

EPA Evaluation of Response: Response 1s acceptable; revisions to the cost estimates based on the final
construction of the injection and monitoring wells may be needed prior to EPA s authorization of injection.

Changes fo various Cosi Tool npuis fe g, the size of the 4oR based on final modeling, the fotdd
vodume of COb o be injected, corvective aotio A5 af the vime the permid v issued, and the
approved posi-fnjeciion

J2f e esiimates generated by the Cost ool

e care fmetframne

EPA Evaluation of Response: Rosponse 1s acoeptable; revisions 1o the cost estimates may be needed based on
the final approved AoR delineation, post-injection site care timeframe, and operating plans. Updated estimates
and funding of the financial instruments m part will be needed before FPA authorizes construction of the injecton
well. Fimal estimates and funded Anancial instruments will be needed before EPA authorizes injection.

¥

i

s provided ranges of cost esiimates,

EPA Evaluation of Response: Response is acceptable. The final mstrument value for each covered activity will
be determined at a later date, as additional information 1s collected during pre-operational testing.

PART 2: Financial Instrument Demonstration

CES plans to use a single financial instrument to cover the costs of corrective action, injection well plugging,
PISC and site closure, and emergency and remedial response. Financial instruments that CES identifies as under
consideration include a trust agreement, escrow agreement, or certificate of insurance.

CES must provide acceptable FR instrument(s) listed under 40 CFR 146.85(a)(1) prior to the issuance

of a permit for the construction of a new Class VI well. If CES elects to use a trust fund or escrow account, the
EPA Director may allow phased pay-in for these two instruments. However, CES must submit a pay- in schedule
for the Director’s review and approval.
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EPA Evaluation of Response: Response is acceptable. EPA understands that CES s working to secure

financial instruments and will roview the draft instroment{s) and any proposed pay-in schedules when they are
provided.
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ENCLOSURE 3

Evaluation of Responses to EPA’s Technical Review Comments on the Proposed
Operating Conditions and AoR Delineation Modeling in the CES-Mendota Class
VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-Mendota Class VI
UIC Permit. EPA’s Technical Review Comments and recommendations (dated October 7, 2020) are 1n blug toxt. CES’s
responses (dated November 9, 2020) are provided in g

text. EPA evaluations and follow up questions are provided in
red texi. EPA expects that most of these questions can be answered based on available information and requests that they
be addressed in the updated permit application that CES plans to submit later in 2021. However, where applicable, EPA
notes below that some cannot be fully addressed until the well is constructed and pre-operational testing is performed. No
confidential business information is included in this document.

Evaluation of Operating Procedures of the CES-Mendota Permit Application

This evaluation for the proposed Clean Energy Systems (CES)-Mendota Class VI geologic sequestration project
summarizes the evaluation of proposed operating procedures and data submitted by CES in Attachment A to their Class
VI permit application, per 146.82(a)(7),(9),(10) and 146.88. Note that this evaluation of the proposed operating
conditions, particularly injection rates and pressures, was performed in conjunction with EPA’s evaluation of CES’s AoR
delineation modeling (see Enclosure 2).

The proposed injection well operating conditions are summarized in Attachment A (the Table), as excerpted below.

Maximum Injection Pressure - Surface 2026 psig
Maximum Injection Pressure - Bottomhole 5677 psig
Annulus Pressure 2126 psig
Annulus Pressure/Tubing Differential 100 psig
Maximum CO: Injection Rate 958.9 tons/day

The proposed operational procedures are also summarized in Table 20 of the Narrative, which is replicated below:

Parameters/Conditions Limit or Permitted Value

Maximum Injection Pressure

Surface 2026 Psi

Downbhole 5677 Psi
Average Injection Pressure

Surface 1042 Psi

Downbhole 4212 Psi
Maximum Injection Rate 958.9 tons/day
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Average Injection Rate 958.9 tons/day
Maximum Injection Volume and/or Mass 350000 tons/year
Average Injection Volume and/or Mass 350000 tons/year

Annulus Pressure 1142 Psi
Annulus Pressure/Tubing Differential 100 Psi

1.1 Injection Pressure

The basis for the proposed maximum injection pressure 1s described in Attachment A and excerpted below.

« The maximum injection pressure predicted at this pre-construction phase, which serves to
prevent confining-formation fracturing, was determined: using the fracture gradient obtained
Sfrom initial reservoir and geomechanical models multiplied by 0.9, per 40 CFR 146.88(a). An
update to maximum injection pressure and rate will be provided once a characterization well is
drilled and reservoir and geomechanical models are updated with site specific properties.”

In the Narrative, Section 7.0, second paragraph, page 85, CES notes that:

“For the pre-construction phase the fracture pressure at the center of perforations is estimated to
be 6,308 psi at 9,705ft bgs using a gradient of 0.65 psi/ft. A safe formation injection pressure of
90% of the fracture gradient would be 5.677 psi. The surface injection pressure equivalent for the
safe formation injection pressure assuming a 0.376psi/ft gas gradient (more accurate information
will be gained during operation with comparison of downhole and surface sensors) would be
2.026 psi. injection pressure to reach the 90% fracture gradient of 5,67 7psi at the perforations
downhole. This may change as more information is gained during the evaluation phase of the
well’s geophysical properties during the drilling of the characterization well”

Furthermore, in the Narrative, Section 7.1, first paragraph, page 86, CES notes that:

“The maximum safe bottom-hole pressure was specified as 90 percent of the rock’s fracture
pressure (0.9 x 0.65psi/ft = 0.585psi/ft) at the depth where the CO2 is injected. For conservatism,
the required injection pressure was calculated based on the assumption that the required bottom-
hole pressure is equal to the maximum safe bottom- hole pressure. Maximum bottom-hole
injection pressure (injection depth x 0.585 psi/fi).”

In Section 7 of the Narrative, it is not clear how CES derived or referenced the gas gradient of 0.376psi/ft {on page 85),
nor how CES has calculated the equivalent surface pressure of the maximum injection pressure of 2,026 psi.

The gradient of 0.65 psi/ft is referenced from various research papers (as noted in Attachment B, on page 17). See the
AoR modeling evaluation for a discussion. The 90 percent safety factor used in Section 7 of the Narrative is consistent
with the Class VI Rule at 40 CFR 146 .88(a).

Cruestions/Reguests for CES:

» Ploase reforence the sowree of the gas gradient of §.376ps1/1 andior explain #1s derivation.

EPA Evaluation of Response: The response needs additional clanification. The type and name of the steady state
muliphase simulation software has not been provided.
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Follow-up Question/Request for CES:

« Please deseribe in the updated permit application (submutted prior to construction authorization) and provide the
type and name of the steady state multiphase simulation software used to determine the gas gradient of 0.376
psi/ft.

¢ The PIPESIM® steady-state multiphase simudation sefvware was vsed for the flow stulation within the
wellbore, This information will be added 11 the updated penmut application.

+ Please oxplam the basts for the caloulanon of the cquavalent swrface prossure of the massmum mgection pressure at
20261

EPA Evaluation of Response: The response is acceptable. Please sce the comment above regarding the gas gradient
derivation.

» Please describe standerd operating procedures to ensure the maximum injection pressure will not be exceeded.

EPA Evaluation of Response: The response s acceptable.

1.2 Annulus Pressure and Annulus/Tubing Pressure Differential
&

As indicated in the Table in Attachment A, the annulus pressure has been calculated as the required
100 psig differential between the tubing and the annulus, plus the max injection pressure of 2026 psig
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resulting in a pressure of 2126 psig. In contrast, in Table 20 on page 88, of the Narrative, the annulus
pressure is listed as 1142 psi. As noted in the evaluation of the testing and monitoring plan, it appears
that the annulus pressure of 2126 psig is higher than the range of pressures, of 1100 psi to 1200
psi, to be maintained in the annulus pressure monitoring system described at the bottom of page 14 of
Attachment C. However, the annulus pressure of 1142 psi listed in Table 20 of the Narrative does fall
within the range of pressures maintained in the proposed monitoring system.

Based on a review of the collapse pressure of the injection tubing (at 10,540 psi from Table 3 of
Attachment G), and the burst strength of the casing (within the range of 2440 and 12830 psi from
Table 2 of Attachment ), the annulus pressure of 2026 psi is consistent with the Class VI
requirements. Please see Tables 2 and 3 below.

Tubing specifications (Table 3 of Attachment G)

L80CrI3

Casing specifications (Table 2 of Attachment )

Conductor 86 22 21 19741 B Welded 26.13 2440 1950
Surface 1800 16 15.01 84 N80 Long 26.13 4330 1480
Intermediate | 7432 10.75 9.760 55.5 N&0 Long 26.13 6450 4020
Long-string 7332 7 5.920 38 [T-95Typel Long 26.13 12830 13430
Long-string 10412 7 5.920 38 [IN95Crl3 Long 14.92 12830 13430

Cruestions/Reguests for CES:

s Ploase explain the difforences in the anoalus pressures Heted i the Table tn Attachnent A and in
Table 20 from the Marrative. Please explam how sach value was deterromed.
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EPA Evaluation of Response: The updated table in Appendix A includes the revised annulus pressure of 5,777 pei as
noted; this pressure is below the reported burst strength of the tubing and the collapse strength of the casing. The

response is acceptable.

« Please desenbe standard operating procedurss to cosurs the maximure annulus prossure will not bo exceeded.

EPA Evaluation of Response: The response is acooptable.

1.3 Maxmmum CO2 Injection Rate

CES proposes a maximum daily CO2 injection rate of 958.9 tons per day, which equates to 350,000 tons/year (or 4.2
million tons over 12 years or 7 million over 20 years). See the modeling evaluation report (Enclosure 2) for additional
discussion.

ruestions/Beguests for UES:

* Please describe standard operating procedures (0 ensure the maximam datly iniection rate will not be exceeded.
& S A

EPA Evaluation of Response: The response s acceptable.
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1.4 Automated Shutdown System

According to Section 7, page 85, of the Narrative, CES plans to connect the information system collecting data from the
pressure, temperature and mass flow gauges/sensors with automatic controls “to assist with shut down or flow controls if
certain critical parameters are reached such as Maximum Flow Rate, or Pressures and Temperatures at surface and
downhole...” CES notes the automatic control system is

not yet defined, as more details are needed to properly implement.” This system will be evaluated when

CES provides additional information.

(ruestions/Heguests for CES:

» Please include standard operating procedures supporting the automated shutdown svetom when

details about the systom are provided.

©

EPA Evaluation of Response: The response is acceptable,
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Evaluation of the AoR Delineation Modeling Approach for CES-Mendota Class VI
Permit Application

This area of review (AoR) delineation modeling evaluation report for the proposed Clean Energy Systems (CES)-
Mendota Class VI geologic sequestration project summarizes EPA’s evaluation of the modeling performed by CES as
described in the Area of Review and Corrective Action Plan (Attachment B of the permit application). This review also
addresses modeling-relevant site characterization information in the permit application narrative and associated files
submitted to the GSDT per 40 CFR 146.84. Because they are related, this report also addresses certain elements of the
proposed Post-Injection Site Care Plan (Attachment E of the permit application) that are based on the AoR modeling
results. Clarifying questions for CES are provided in blue within the text below.

This report describes and evaluates how site-specific data (e.g., geologic data and planned operational conditions)
described in the UIC permit application are incorporated into CES’s geomodel and their computational modeling
approach. Note that EPA did not perform independent, duplicative modeling of CES’s AoR. Based on the breadth of
currently available site-specific data and the description of the modeling effort as provided in the permit application
materials, this is not warranted at this time. It 1s assumed that planned pre-operational testing will confirm the site
characterization.

2.1 Additional Information

EPA Inconsistency (in Black Text) CES Clarification

2.3 “and data for well tops obtained from

California Geologic Energy

Management Division (CalGEM, previously known
as DOGGR), Seismic Exchange, Inc (SEI), or
[nformation

Handling Services (IHS)”

2.3.1 “These include the roughly 1,000 ft. thick

Moreno Shale (the primary confining zone), the First),
Panoche Sand, the ~100 ft. thick first Panoche Shale |;
(initial confining zone), the >1,000 ft. thick Second
Panoche Sand (primary injection zonge), and the
underlying formations, including the 1,4002,500 ft.
thick Fourth Panoche Sand (the secondary injection
zone).”

2.3.1 ,
“The upscaled porosity and permeability graphics in
Attachment B (Figures 3 and 4) would benefit from
labeling for formation tops.”
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Secion  [EPA Inconsistency (in Black Text) CES Clarification
2322 “based on well logs from the NAPA AVE A 1 well, about
3 mi to the east of the injection well (narrative page 51)”

2472 “Within a 2.5-mile radius”...

2.9.1 “CES proposed a 10-year alternative post injection site care
time frame but did not provide a justification for the
appropriateness of the 10-year time frame that addresses the
criteria at 40 CFR 146.93(c).”

EPA Evaluation of Response: EPA acknowledges the clarifications.
2.2 Evaluation of CES’s Modeling

CES used Petrel for developing the geomodel and the ECLIPSE reservoir simulator for numerical
simulations of plume and pressure front development. Petrel is a software platform that supports
development of a site geomodel, allowing synthesis and 3-D visualization of data on reservoir
characteristics (e.g., seismic data, structural features, well data, upscaled well properties).

Use of ECLIPSE for numerical simulations is consistent with the requirements of the Class VI Rule
at 40 CFR 146.84. It accounts for the multi-phase nature of the injection activity and for the physical
and chemical properties of all phases of the injected carbon dioxide (CO2) stream and displaced
fluids. It allows for modeling of geochemical reactions associated with geologic sequestration of
CO2. Use of these modeling programs is appropriate for simulations of plume and pressure front at a
GS site.

2.3 Evaluation of the Geomodel

CES developed a geocellular model (geomodel) to support the numerical modeling using Petrel. The
geomodel incorporates available data sources, including well logs from ten existing wells within
several miles of the proposed injection well, 2D seismic data, and data for well tops obtained from
California Geologic Energy Management Division (CalGEM, previously known as DOGGR),
Seismic Exchange, Inc (SEI), or Information Handling Services (IHS). These data are synthesized to
represent the subsurface system and initial conditions in a 3D grid. The geomodel for the Mendota
site was used to represent the extent and thickness of the injection and confining zones with upscaled
log data for petrophysical properties. Section 2.4.3 (page 39 of the narrative) states that the lateral
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grid resolution (cell size) for the geomodel is 400 ft. by 400 ft. CES intends to use
a finer resolution for the grid when 3D seismic data (to be acquired later in the project) can be
mcorporated into the geomodel. Layer increments are 4 fi.

The discussion below of the site-specific parameters that CES used to build the geomodel expand on the
geologic site characterization presented in the permit application narrative.

231 RHepresentation of Site Geologic Features

The geological layering, formation thicknesses, and petrophysical properties of the project site (as described in the permit
application narrative and evaluated m the geologic site characterization report) need to be integrated mto a geomodel and
then a numerical model domain that is consistent with available information to generate predictions of plume and
pressure front movement.

The geomodel model is used to represent the depth, arcal extent, and thicknesses of the injection and confining zones at
the CES-Mendota site based on the site-specific data described above. These include the roughly 1,000 ft. thick Moreno
Shale (the primary confining zone), the First Panoche Sand, the ~100 ft. thick first Panoche Shale (initial confining
zone), the >1,000 ft. thick Second Panoche Sand (primary injection zone), and the underlying formations, including the
1,400-2,500 ft. thick Fourth Panoche Sand (the secondary injection zone). The formation thicknesses and regional dip
shown in the domain for the numerical model (Model-Domain file) submitted to the GSDT are derived from the
geomodel and reflect the current understanding of the Mendota site.

The porosity and permeability data from the 10 wells in the surrounding area (average values summarized in Table 3 of
the narrative) were used to develop the porosity and permeability distributions in the geomodel (Figures 28, 31, and 34-
39 of the narrative) from the Garzas formation down through the Precambrian basement. Visual inspection shows the
values in the color legend in these figures to be generally consistent with the values in Table 3.

Figures 3 and 4 of Attachment B show cross sections of upscaled porosity and permeability distributions developed for the
ECLIPSE modeling. The porosity distribution agrees well visually with the geomodel and well data.

In general, the available geologic site characterization data with respect to layering, thicknesses, and depths appear to
have been rendered as faithfully as possible in the geomodel and subsequently for use in the numerical modeling (as
shown in the Model-Domain file). The upscaled porosity and permeability graphics in Attachment B (Figures 3 and 4)
would benefit from labeling for formation tops. It is assumed that the workflow used to generate the geomodel and
numerical model domain will produce as reasonable representations of the subsurface as possible as new data become
available.

232  Eepreseptation of Hydrogeologic Properties and Lithology
LAY Povosity, permeability, and vock types

Effective porosity was determined using either bulk density or compressional slowness (from acoustical logs), combined
with an estimate of irreducible water (narrative Section 2.4.2.1; discussed in the review of site characterization data).
Intrinsic permeability was based on the porosity and lithology (narrative Section 2.4.2.2); CESs reference Herron (1987).
The petrophysical properties {(effective porosity, permeability, clay volume, and pore volume) were then upscaled from
log data into 4 ft. layers along the wellbore.

7

s Do the pormenbility data represent horizonial permeabibey’
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EPA Evaluation of Response: We have seen the assumption of a vertical anisotropy of 0.1 used in other projects;
it appears to be a rough (and undocumentad) rule of thumb when more specific data are not available. There arg,
however, no data currently presented regarding whether this assumption is valid at the CES Mendota site, nor was
any literature provided in support (e.g., how commeonty this value 1s realistic in similar hithologics and settings).

At this time, we understand that any results gencorated using this assumption are prelininary, and the main focus is
on developing the modeling approach. A data-supporied estimate of anisotropy will be needed once pre-operational
testing has been done. Also, sensitivity analyses will be important to test the effects of unceriainty in the vertical
permeability, cspecially given the buovant nature of the COrx injectate and the imphications for vertical migration.
We have no further questions at this time but will evaluate site~-specific data for horizontal and vertical permeability
estimate once the application is revised based on the results of pre-operational testing.

» What
data were used? How was upscaling

miethod was used to upseale the petrophysical properies along the wellbores of the 10 wells for which logging

ndled for the dif

erent formations? How was the success of this method

evaluated?

EPA Evaluation of Response: The answer is generally responsive. We assume that the upscaling was dong using the
automatic process available within Petrel, which offers arithmetic and geometric averaging. The chosen upscaling
method should be noted i the revised AoR and Corrective Action Plan once the pre-operational testing data ave
collected. Figures 1 and 2 o Appendix A are helpful in demonstrating the results of the upscaling. We encourage
inclusion of similar figures in the revised plan.

¢  The chosen upscaling method will be noted 1 the revised Aok and Corrective Action Plan upon pre-
operational testing data being incorporated into the model. Updated figures will be inchuded in the revised
wlan,

Once upscaled, the petrophysical properties were distributed into the geomodel through Gaussian Random Function
Simulation, a kriging-based algorithm (narrative Section 2.4.3). CES notes that facies logs were not used as bias in the
current porosity or permeability models, but that facies biasing and Kriging to 3D seismic data will be considered in
future model iterations. Figure 28 in the narrative (page 42) shows the modeled average porosity maps for each
formation.
¢ Figore 26 in the narative shows the net thickness maps of the Moreno Shale and First and Second

Panoche Sands. The proposed injoctor 15 close 1o the western edge of the maps. Will the formation

thicknesses further o the west of the mjector be able to be represented when the 3D seismic data

have been acquired?
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EPA Evaluation of Response: The response 15 acceptable.

o Al but one of the wells with Jogs used 1o support development of the petrophysical prope
distributions i the geomode! are mors than 3 miles Fom the misctor (narrateve Figures 28 md 313
While crucial site-specific data will be collected when Mendota INJ T and OBS L are ;]

provide only twe data points. How w4]] updates 1o the geomodel reflect 2 aufim gt level 0{

W
detail throughout the AoRY

EPA Evaluation of Response: The response is acceptable.

The graphs in Figure 30 of the narrative compare the combination of porosity and permeability of the upscaled cells and
modeled cells, porosity vs. permeability by zone/formation, and porosity vs. permeability for two lithologies (sand and
shale).

11

+  Inthe p'ﬁ:’*;‘ of well log-derived data points, upsealad values, and full-field simulated colls, the upscaled ‘f::{ms;;‘*
he other gymbols Ploase rovise

dominate. It appears that the vpsealed value symbols may have been laversd over d

the ﬁ:zgure i show the distributions of ali three types of data points more clearly,

£

EPA Evaluation of Response: The graphs have been separated as noted and are casier 1o roview.

= Are there any concerns about autccorrelation sinee the ponmesbility was based on porosity and lithology? If so, how

was this 1ssue addressed?

EPA Evaluation of Response: The response is acceptable. We understand the model will be able 1o be refined once the
pre~operational testing has been done and new data are available.
+  How many core samples from NAPA AVE A/Y were used to support calibration betwean the core

datg and well togs?
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EPA Evaluation of Response: The response is "acceptable
bration, how was biag bet ind well Jogging data handled g

en that ocores

+  Inthe core-lo-log
may not capture the heterogensity that well lo

EPA Evaluation of Response: The response 1s acceptable.

The narrative notes on page 34 that, “As shown in Table 2, some of the wells have a limited set of
well log data. The petrophysical property uncertainty around these wells was reduced by calibrating
parameters and multi-well comparisons across different formations.”

+ Please expand on the multi-well calibration described on page 34 of the namative. Specifically, how wore these
data invorporated inio the gesmode! i a manner that is ropresentative of the geologic svsiem at the proposed

3

g1ie?

EPA Evaluation of Response: The response is acceptable.

The graph in Figure 30 of the narrative showing porosity vs. permeability by formation is
labeled as Z values and the legend title is “Zones.”

s Ploase clandy the meaning of the zones m the legend of Figurs 30, Ave they cgumvalent

1o the formations, as suggested by the legond?

S

£y

EPA Evaluation of Besponse: The response 18 acceptable.

the specific formations? [ so, please deseribe the

= Wore the daw binned into zones and then associated wit
method by which this associgbion was accomphshed.
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EPA Evaluation of Response: The response 1s acceptable.

* Were the grapt
domain?

cin Frgure 30 the basis for assigning pht and ki the layering 1o the model

EPA Evaluation of Response: The response is acceptable.

Figure 1 in the Rock Types file submitted to the GSDT shows rock types assigned according to porosity and
log k, with the shape of data spread matching Figure 30 in the narrative. The Rock Types file indicates that
data were divided into two rock types (shale and sand), and relative permeability and capillary pressure curves
were assigned to the two types. The rock types were defined based on the porosity and permeability data using
a neural network training method.

¢ Wers the relative pormeshibity and capllary prossure curves the only properties assigned based on this
facies assignment and the scheme m Figure § of the Rock Types fle?

EPA Evaluation of Response: The response 1s acceptable.

s Why was the information shown i Figure 30 of the narrative not used as the basis for assigning thess
¥ H LRing

curves?

EPA Evaluation of Response: The response 18 acceptable.

= What is the unceriainty aszociated with the neura! network training method?
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EPA Evahoation of Response: The response 1s acoepiable.

Figure 2 in the Rock Types file shows rock types along an E-W cross section. The cross section has two
different shades of blue in addition to purple.

+  fgthere a difforence between the two shades of blue m Figure 2 of the Rock Types fil?

EPA Evahoation of Response: The response 1s acoepiable.

» Pleage label the fomations in Figurs 2.

EPA Evaluation of Response: The response 18 acceptable.

In comparing Figure 1 in the Rock Type file with Figure 30 of the narrative, the facies in Figure 30 show a
broad spread rather than the sharp dividing Ime in Figure 1. It appears that a number of shale data points in
Figure 30 were assigned to the sandstone facies by the neural network training method in Figure 1. There
also appears to be a significant difference in porosity between the Fourth Panoche and the Second Panoche
Sands in Figure 30.

¢ Ave the porosity differences between the Second and Fourth Panoche Sands sufficient to possibly
warrant a third rock tvpe?

EFPA Evaluation of Response: The response is accepiable.

= Ploase disouss how these two methods of assigning facics were used o inform the geomode! md,
consequently, the numensal model.

@

EPA Evaluation of Response: The response 18 acceptable.

@
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EPA Evsluation of Response: The response 1s acceptable.
2322 Geomechanical properties

At this preliminary stage, some geomechanical properties have been assumed based on well log data from
nearby wells and empirical relationships. For example, density and compressional slowness in the Moreno
Shale were based on well logs from the NAPA AVE A 1 well, about 3 mi to the east of the injection well

(narrative page 51). Fracturing of the formation at the project site 1s also unknown. There are currently no

laboratory
core measurements for rock strength and ductility for the project site.

It is understood that the appropriate lab analyses will be performed on representative cores when the
mjection well and the OBS _1 deep monitoring well are drilled. It is also understood that borehole image
logs will be acquired and used along with the 3D seismic imaging to develop a discrete fracture model.

2.3.2.3 Geomodel - 31 model grid vesolution

The narrative notes in Section 2.4.3 that structural surfaces (i.¢., formation contacts) were used to produce
a basic framework for the geomodel. The lateral grid cell size was 400 ft. by 400 ft, but CES intends to
use a finer grid once 3D seismic data have been acquired and incorporated.

Variogram modeling using the petrophysical logs showed “.. .a NE-SW depositional trend, with a vertical
resolution of roughly 20 ft. by 20 ft. is likely representative of larger depositional changes (for example
from high-stand to low-stand sea level). To capture smaller changes within each depositional cycle, 4 ft
layer increments were defined for each zone.”

These merements are geologically reasonable. It 1s understood that the geomodel will be updated and
refined once new, more detailed site-specific information are available.

2324 Founlt stability

There are currently limited data to assess the stability of faults. As noted above, the application indicates that
geomechanical information will be collected during the pre-operation phase via core analyses, pilot hole logs, and well
tests. The narrative notes that in-situ stress can be assessed integrating the density of the rock above the depth of interest
(vertical stress), and minimum and maximum horizontal stresses will be assessed via mini-frac testing and other
methods. The application indicates that these new data, along with 3D seismic profiling, will allow characterization of
the in-situ stress field, pore pressure, and rock strength. The geomechanical model that these data will sapport will be
used for a more comprehensive analysis of fault stability and sealing capacity.

The application cites a study by Chiaramonte et al. (2008) describing the development and application of a
geomechanical model for the Tensleep Formation to support consideration of a CO:GS project at Teapot Dome.
Chiaramonte et al. used the geomechanical model to estimate the pore pressure that would cause fault slippage. The
methods used by Chiaramonte et al. are thorough in terms of the geomechanical characterization of the site and include a
probabilistic sensitivity analysis. At this point, we assume that CES intends to follow the same approach once they have
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the necessary data. EPA will evaluate the data, geomechanical model, and conclusions when it has been developed.

2.4 Evaluation of the Computational Model Design

As noted above and in the site characterization report, CES’s modeling is based on preliminary data, which will be
refined when the injection and deep observation wells are drilled and additional data (e.g., formation data and 3D
seismic) are collected. Specific elements of and considerations in our review are described in the sections below.

Routines for Relevant Subsurface Processes

CES used the ECLIPSE 300 (v2018.2) reservoir simulator with the CO2STORE module to perform the AoR delineation.
ECLIPSE includes routines for the relevant subsurface processes at the site, including equations of state for CO.and
other chemical species of interest.

As Attachment B describes, “BECLIPSE 300 is a compositional finite-difference solver that is commonly
used to simulate hydrocarbon production and has various other applications including carbon capture
and storage modeling. The CO2STORE module accounts for the thermodynamic interactions between
three phases: an H2O-rich phase (i.c., liquid’), a CO2-rich phase (i.c.,’gas’), and a solid phase, which is
limited to several common salt compounds (e.g. NaCl, CaCl2, and CaCO3). Mutual solubilities and
physical properties (e.g. density, viscosity, enthalpy, etc.) of the H20 and CO2 phases are calculated to
match experimental results through a range of typical storage reservoir conditions, including temperature
ranges between 12°C-100°C and pressures up to 60 MPa. Details of this method can be found in Spycher
and Pruess (2005).”

Geochemistry was not included in the numerical modeling. The narrative does discuss the geochemical
modeling that was done separately; this content was addressed in the site characterization evaluation
included in EPA’s technical evaluation comments and information request dated August 19, 2020.
Coupled geochemistry and multiphase flow would allow exploration of potential effects of mineral
dissolution and precipitation on porosity and permeability and the possible long-term effects of mineral
trapping on storage capacity. We understand, however, that there can be challenges in simulating
changes in petrophysical properties because of factors such as sediment texture and grain morphology.

= Wil reactive transport madeling be attempted when additional dats are availgble” Wnot, please
explain how the lock of incorporation of geochermucal reactions into the mode! may {or may 1ot}
Bimit the acouracy of the prodictions of plome and pressure font migration,

EPA Evaluation of Besponse: The response 18 acceptable.
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241 Spatial extent and discretization

The model domain was generated in Petrel. The static grid for the numerical model is 19 miles by 19 miles in the x and y
directions. The part of the domain used for dynamic modeling is 11.4 miles by 11.4 miles in the x and y directions, with a
tartan pattern of smaller cell sizes closer to the proposed injection well, as shown in Figure 1 of Attachment B, which 1s
reproduced below.

In the Z direction, the domain includes the Garzas Formation (the first permeable sandstone above the Moreno Shale
confining zone) down through the basement. The grid comprises “...53 x 53 x 446 cells (totaling 1,252,814) in the %, v,
and z direction, respectively, with variable cell sizes. The smallest grid cells around the injector and observation well are
60 ft x 60 ft laterally. Vertical thickness of cach cell within the model depends on the vertical proportion of cach formation.”

This approach to discretization appears to be generally appropriate; it is understood that the
horizontalgrid cell size will be reduced as appropriate based on 3D seismic data to be acquired
later in the project.

Madel! Domain and Tartan Grid

: FRRIR TR LU

- RGREERER  SOIENEY

YESEL RN AR AR RS

o wbwdtein}

242 Boundary conditions

Section 2.6 of Attachment B states that the upper and lower boundaries were set as noflow boundaries
assuming continuous presence of the upper and lower confining zones throughout the project area. At the
horizontal boundaries, the cells were set to simulate an infinite-acting boundary by applying a pore
volume multiplier of 1x10° for each boundary cell.

243 Time steps
Attachment B, on page 7 describes the time step selection, noting that the software optimizes the time
steps to meet converge criteria. “Convergence is achieved once the model reaches the maximum

tolerance where small changes of temperature and pressure calculation results occur on successive
iterations. New time steps are chosen so that the predicted solution change is less than a specified target.”
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244 Model Timeframe

Simulations were run for 20 years of injection into the Second Panoche Sand (which is the upper end of
the 12 to 20-year range described in the permit application) and out to 50 years post- injection. Map and
cross-sectional views of the simulated plume and pressure front throughout this timeframe were provided
in the “AoRs” file submitted in the GSDT.

245 Imtial Conditions and Operational Information

The table below summarizes the initial conditions and operational information used in the computational
model submitted via the GSDT. These parameters appear to be appropriate based on the baseline site
characterization data and proposed operating conditions described in the permit application. A discussion
of specific conditions is presented below the table.

Reference elevation -9505 ft MSL
Elevation of top of perforated mterval -9400 ft MSL
Composition of injectate Pure CO:
Pressure gradient 0.4339 psi/ft (Attachment B, page 14)
Initial Aqueous Pressure 4,211 psi
Initial Temperature 137.5E at -6350 ft MSL
249.7E at -13350 ft MSL
[nitial Salinity 25,000 mg/L
Mass Rate of Injection 350,000 tons/year
Fracture Gradient 0.65 psi/ft
Maximum Injection Pressure 5677.4 psi
Elevation corresponding to pressure -9505 ft
Composition of injectate Pure CO.
Injection Schedule Single injection Period (20 years)
Injection Start date 01/01/2021
Number of production/withdrawal wells IN/A
Pressure gradient 0.4339 psi/ft (Attachment B, page 14)

The Second Panoche Sand (the primary injection interval) is located from about 8,90010,000 ft bgs. For most
of the operational conditions in the model, a reference elevation of 9,505 ft SSTVD 1s used. However, it is
noted that calculations based on depth (maximum injection pressure and initial aqueous pressure) use 9,705 ft
KB (Attachment B, page 19). The reference elevation is located in the middle of the perforated zone which
begins at 9,400 ft MSL and extends to 9,620 ft MSL (Attachment B, page 16). Note that, if CES opts to
inject into the Fourth Panoche Sand, these values would need to be revised.

The injectate as modeled 1s composed of pure CO.. Table 8 of the narrative presents analysis of a sample of the injectate,
which is 96.78% CO.with impurities, the most notable of which is O.(1.15%), which 1s reactive with redox sensitive
minerals present in the formation, and is incorporated into the geochemical model (narrative, page 64). These relatively
minor impurities are not a concern for this initial round of multiphase transport modeling. If CES pursues reactive
transport modeling in the future, the full composition of the injectate will need to be accurately represented.
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Initial aqueous pressure and initial temperature were extrapolated using the reference elevation and DOGGR/CalGEM
data from reservoirs near the Mendota site to extrapolate pressure and temperature gradients. Using a pressure gradient of
0.4339 psv/ft, CES estimates pore pressure to be 4,211 psi at the reference elevation. The initial temperature calculation
uses two reference points (137.5E at -6,350 ft and 249.7 -F at -13,350 1), above and below the target perforation zone, to
define the initial temperature in between. Based on DOGGR/CalGEM data, the temperature gradient is 0.0146 E/ft with
the surface temperature set at 51.8 T.

Initial formation salinity is set at 25,000 mg/L. DOGGR/CalGEM data show that in general, the salinity of Eocene and
Cretaceous (Panoche formations are Cretaceous) range between 17,100 and 26,500 mg/L (narrative, page 59). Based on
this information, 25,000 mg/L is an acceptable initial condition until more site-specific data are available.

The mjection rate of 350,000 tons/year and the 20-year injection period are consistent with the narrative (page 71) and
the operating details in Attachment A, which specify a proposed injection rate of 958.9 tons/day (349,998.5 tons/year).

Maximum injection pressure was calculated using the fracture gradient and reference depth, along with a safety margin.
The fracture gradient is set at 0.65 psi/ft. Because there is currently no site- specific fracture pressure or fracture gradient
n the injection and confining zones, CES used regional data from other sources. A study by Shryock (1968) cites a
formation breakdown gradient in the San Joaquin Valley Basin range of 0.63-0.64 psi/ft at depths of 5,000 to 8,000 fi. It
1s noted that other sources based on studies within California have higher estimates for fracture gradient in the Coalinga
district (0.7 and 0.96 psi/ft) (Attachment B pages 16-17). The 0.65 psi/ft. appears to be a reasonable initial estimate for
this stage of the application process; the fracture pressure will be revised when a step-rate test has been conducted at this
site.

Per the Class VI Rule, the maximum bottom-hole pressure may not exceed 90% of the fracture pressure; this equates to a
maximum safe bottom-hole pressure gradient of 0.9 x 0.65 psi/ft = 0.585 psi/ft. Using the reference elevation of -9,505
ft, the fracture pressure is set at 5,677.4 psi.

246 Relatve permeability and capillary pressure curves

In the absence of site-specific lab-based data (i.¢., special core analysis or SCAL), the relative permeability/water
saturation and capillary pressure/water saturation curves were developed using the Van Genuchten model (Attachment B,
Table 2, Figure 7, page 13). Irreducible water saturation (Swir) was assumed to be 0.2 and 0.3 for sand and shale,
respectively, and irreducible gas saturation was set at zero. Hysteresis was not considered for either relationship. This is
acceptable as an initial step in developing a model.

CES notes that cores from the Mendota INJ 1 well will be subject to SCAL, which will allow the development of site-
specific curves. This step will be important, as model predictions are sensitive to the shape of the relative permeability-
saturation functions used. Ideally, laboratory core-analysis techniques will be used for experimental measurement of the
relative permeability- saturation and capillary pressure- saturation functions at site-specific reservoir conditions, with
CO:and representative native fluids. If this is not feasible, relative permeability-saturation relationships may be estimated
from core analysis using other immiscible fluids (e.g., Doughty et al., 2007). The inclusion or non-inclusion of hysteresis
also affects the predicted migration of the CO.plume leading edge and predictions of residual trapping.

= WWill experimental measurements be done af roservoir conditions, with 07 and native fluids?
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EPA Evaluation of Response: The response 15 acceptable.

is not possible o obtain relishle laboratory-based data for the relative permeabiliny
ary changes be made to the sstimation methods wsed m the current modeling offory?

and capillary pressure curves,

@

EPA Evaluation of Response: The response 18 acceptable.

hyateresis be considersd in model updates?

EPA Evaluation of Response: The response 15 acceptable.

o The curves were developed for two rock tvpes (sand and shale), Oiven the distribubion of

poresity/permeability clusters for the different formations On Figure 30 of the namative), 181
possible a third so of curves will be needed (0., for the Fow

4 Panoche Sand ii a backup
mection zone 18 neodedy? Wil the same corves apply 1o both of the shale confining rones (Firat

Panoche Shale and Morenoe Shale)? (See alse the queston undey “Porosity, permeability, and rock

“fpm regarding the difforence i poresity between the Second and Fourth Panoche and whether
tmight support a third rook type.)

EPA Evaluation of Response: The response 1s acceptable.

247 Pomal Pathways For Flind Movement

24,71 Faults

The block diagram shown in the “Model Domain™ file shows strata dipping to the SW, consistent with
seismic images in the narrative that are based on 2D seismic data acquired by CES (Figures 16 through

19). Furthermore, the narrative, on page 15 states, "Near the proposed Mendota site, there are two known
faults (USGS, 2019) located approximately 5 miles away." See the site characterization evaluation
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mcluded in EPA’s technical evaluation comments and information request dated August 19, 2020 for
additional information.

All of these faults appear to be within the 19-mile grid of the model domain. However,

the model as currently constructed docs not include faults (“AoR Modeling” file), and their effects on fluid
flow at the project site remain unexplored at this point due to a lack of data on fault stability and sealing
properties. CES anticipates better fault assessment as new data are collected.

+ Wil gy of the fanlts desoribed in the narrative, espeoally Fault 13, be

meorporated mio the geomode! and the nomerical mode! domatn once they are better
charactenized (1o, with respoct o their depth, geometry, and sealing naturs)?

EPA Evaluation of Response: The response is accepiable.
2472 Wells in the AoR

According to the Corrective Action plan (Attachment B, Section 5), there are 269 wells within a 2.5-mile
radius of the Mendota INJ 1 well. This 1s based on information obtained from the California Natural
Resources Agency well completion reports and the DOGGR/CalGEM Databases. Based on information
about their depth or (where not available) their use, none are believed to penetrate the confining zone.
Information based on the CalGEM online Well Finder database indicates that there are 5 o1l and gas wells
within 2.5 miles of the injection well; all were dry holes and were plugged. This information was
independently verified for this review using searches of the online Well Finder database and well
completion reports obtained from the California Natural Resources Agency.

Two wells, Amstar 1 and B.B. Co. 1 penetrate the Moreno Shale into the Panoche Sands. The Amstar 1
and B.B. Co. 1 wells are slated to be plugged, as described in the Corrective Action Plan.

248  Caleulation of critical pressurs

The PDF file submitted to the GSDT named “Critical-pressure-cale-01072020” contains the parameters,
equation, and the resulting calculated critical pressure for the proposed injection well.

The calculation was done with Method 2 (Pressure front based on displacing fluid initially present in the
borehole, which is applicable to hydrostatic case only) described in Section 3.4.1. (Determination of
Threshold Pressure Front) of EPA’s Class VI Well Area of Review Evaluation and Corrective Action
Guidance. The resulting delta P is 3.5 psi. An independent check on the calculations confirms the math is
correct using the input values in the file (see the table below).
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Z.u Garzas Reference Datum (ft) -1415 Bottom of Garzas Formation
Garzas Reference Datum (m) -431
Top, Middie, & Bottom of
Zi Panoche Reference Datum (ft) -9505 Panoche Perforation Interval
Panoche Reference Datum (m) -2897
P Pressure in the USDW (Garzas, Psi) 701
Pi Pressure in the Panoche (Psi)
4,211
P uwater Garzas fresh water density (kg/m3) 1000.0
P brine Panoche brine density (kg/m3) 1002.0
G gravity (m/s2) 9.8066
¥ PP . )
g :;"':;'“ Density gradient 0.000811
Sy Iy

Without site-specific data, the inputs for the critical pressure calculation are from existing data from a
nearby oil and gas field. The brine density of 1002.0 kg/m? is consistent with an estimated salinity of
25,000 mg/L. The formation pressure of 4,211 psi at 9,505 fi is based on data from DOGGR/CalGEM.

It is understood that these data and the critical pressure calculation will be updated based on site- specific
data collected during drilling of Mendota INJ 1 and OBS 1.

Calculation of the allowable threshold pressure increase using this method is applicable only for
hydrostatic conditions. If site-specific fluid pressure and density measurements are not available, the
Area of Review Evaluation and Corrective Action Guidance notes that it may be acceptable to
calculate an initial critical pressure if available information suggests that the formation is likely
hydrostatic.

CES has assumed a normal pressure gradient at this time based on initial reservoir pressure data from
nearby oil and gas fields (as reported to DOGGR/CalGEM). These data suggest a pressure gradient of
0.4339 psi/ft. The normal pressure gradient will need to be confirmed based on the results of pre-
operational testing. Should the results of this testing indicate that the formation is underpressurized, the
allowable pressure increase may be greater than that calculated using the equation in the table. If it 1s
overpressured, the allowable pressure increase would be smaller.

249  Represestation of Fiuid Properties
Relevant fluid properties for the numerical modeling include: viscosity, density, composition, and fluid
compressibility. The table below presents the fluid properties as included in the permit application for the

numerical modeling. These may be refined as site-specific data are collected (e.g., salinity and, therefore,
density).
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Parameter Units Evaluation Comments

Caloulated by modeling program. The CO2 gas viscosity is calculated
Viscosity M/LT per the methods described by Vesovie ¢t al. {(as cited in Fenghour,
1990} (Attachment B, page 6).

Critical P caleulations use 1,000 kg/m? for the USDW and 1,002
kp/m3 for the Panoche. 1,002 kg/m3 is consistent with the

Density M/L? . A o , o .
Y cstimated/anticipated salinity of 25,000 mg/L (sce narrative page
63 for cstimated salinity). These agree with inputs m the AoR
Narrative page 63 describes the basis for preliminary estimation of
Compfogm\on M/L3 25,000 mg/L salinity for the injection zone.
(salinity) More detailed chemistry was used for the geochemical modeling.
Fluid —y Agueous phase compressibility set to 0, and CO2 set ag
\ oy LM |, o o o
Compressibility compressible.” (AoR modeling file).

s Why was the value for agueous compressibility set to zero, and will this be changed in the next
weration of the model?

EPA Evaluation of Response: Response 18 acceptable.

2.5 Model Cabibration and Sensitivity Analyses

As the permit application narrative and Attachment B note, the preliminary model was developed based
on limited site-specific data. There are currently no data available to use for model calibration or history
matching. CES describes baseline data collection (e.g., via core sampling in INJ 1 and OBS 1) that will
be used for model calibration.

Attachment B (Section 3.2) states that the sensitivity analysis will be performed by varying one variable
at a time.

A more complete review of this aspect of the modeling will be done once site-specific data are available
from the testing program for calibration and sensitivity analyses.

* Please desertbe which vanables will be manipulated 1 the sensitivity analvsis and how the degree of
it be detormmned,

variahion for each vanable w

@
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EPA Evalustion of Response: This response suggests CES has not vet considered which variables they are likely 1o
vary for the sensitivity analysis {we assume porosity and permeabifity at least), nor does 1t state what statistical
measures will help CES in selecting the degree of variation 1o use in the simulations. The last sentence suggests a
possibility that they will have inadequate data for some parameters and may have to use professional judgment to
select a reasonable range of values.

While CES’s response does not fully address our gquestions, we do not think further questions at this time will yicld
uscful information. In describing revised modeling resuits based on the results of pre-operational testing, we expect
that CES will clearly present how the sensitivity analyses are done, what data are used to inform the analyses, and the
rationales for chowes made based on the best available information,

»  How will mode! calibration be performed {o.g., mamaally or using a computer program)?

EPA Evaluation of Response: The response is acceptable.
2.6 Injection Zone Storage Capacity

CES used a simple volumetric approach to estimate storage capacity, using the number and sizes of cells in
the geomodel along with the effective porosity assigned to each cell. Page 71 of the narrative states that,
“Within a 2.5-mile radius of the Mendota INJ 1, the total pore volume of the Second Panoche injection
zone is calculated using the 3D geocellular model; for each model cell, the porosity was multiplied by the
cell volume. The total pore volume was calculated to be 3.74x10“ 3.7

This is not an unreasonable approach for a general estimate of capacity given that site- specific data
collection has not been done yet.

Some assumptions were not specified for this estimate.

» A denstty value for the CO2 would have beon neaded to convert the desired number of tong o tusct oo
vohime 1o Compam ags

'3

nst the pore space. What value was used for

the density of the superoritical
02, and how was it chosen?
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EPA Evaluation of Respense: The response 18 acceptable.

The CO:2 storage capacity depends on a combination of factors including multiphase flow processes,
formation geometry and types of boundaries (e.g., open or closed boundaries, fault sealing), geologic
parameters (e.g., porosity, permeability, compressibility) and their heterogeneity, and subsurface
geochemistry. EPA’s Class VI Geologic Site Characterization Guidance also recommends
considering trapping mechanisms. As additional data are collected, the simple volumetric approach can be
updated and more refined estimates can be generated (e.g., through dynamic modeling).
+ Does CEN intend to meorporaie additional considerations or use the dyvnamie
muodehng being conducted for AoR simulations to generate relined storage capacity estim

atea?

EPA Evaluation of Besponse: If we understand correctly, the updated petrophysical properties will be used to refine the
AoR based on the results of pre-operational testing, which will, in turn, be used for an updated capacity estimate to be

provided after the well 1s constructed using the same approach as the imtial estimate. However, the follow-up guestions
below should be addressed prior to construction authorization:

Follow-up Questions/Reguests for CES:

*  Will irreducible water be factored mio the pore volume estimate?

¢ Alter petrophymcal analysis is conducied using stte-spesific data, frreducible water saturation will be
factored imto the future pore volume estimates.

» s our understanding of the usage of the updated petrophysical propertics above correct?
e Yes

e estimates will

s Ploase disouss the strengths and limitations of the approaches considered m
be refined m the frture as now data are avatlable
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EPA Evsluation of Response: The response 1s adequate for the current state of the application.
Follow-up (uestions/Requests for CES:

Future versions of the AoR and Corrective Action Plan (i.e., based on the results of pre-operational testing)
should clarifv/include the following:

«  Provide the DOE saline storage equation.

«  The narrative states on page 40 that, .. .the total pore volume of the Sccond Panoche injection zone i
caleulated using the 3D geocellular model; for each model cell, the porosity was multiplied by the cell
volume,” resulting 1n a stated total of 3.74x1011 3. Is 1t correct that the DOE saline storage equation
is applied to sach cell in the geocellular model?

«  Please indicate the level of uncertainty in the estimate. Is it an upper bound, lower bound, or middie
range estimate? What factors might cause the storage capacity to differ from this estimate?

2.7 Presentation of Model Results

Map and cross-sectional views of the simulated plume and pressure front were provided in the “AoRs” file submitted in
the GSDT. The maps show the position of the plume and pressure front after 6 months, 5 years, and 20 years of injection,
and 10 years, and 50 years post-injection.

Figure 11 is CES’s proposed AoR as delineated by the simulation model.

The differences in the predicted position of the plume and pressure front between the cessation of injection, 10 years
post-injection, and 50 years post-injection were fairly minor, suggesting that the plume movement may remain stable
after injection ceases. Updated modeling when more data have been acquired will be needed to refine the modeled
predictions.

2.8 AoR Reevaluation Schedule

CES described the procedures and timing for AoR reevaluations to be performed during the injection and post-injection
phases. At this point in the permit application review, the five-year default reevaluation schedule appears to be
appropriate. CES also identified events that would warrant an unscheduled AoR reevaluation, and EPA has the following
questions and recommendations.

s Hegarding reviewing avatlable monitoring data For comparison to the modsl predictions, the speoific types of data

{e.2., the sstsmie methods to be used) will need 1o be refined as the imection and post-tnicction foeting and
monitoring strategios (in Attachments O aod BY are foalized. EPA also recommends the following rovisions to these

planned reviows:

o Reviews of available data on the position of the ©02 phume and pressure front
should roference analysis of fhuds sampled m OBSE

o Reviews of ground water chomistry monitoring data should reforencs data from
ACEY in addition 1o the shallow monitoring wells and USDWEL

EPA Evalaation of Response: The response 18 acoepiable; we will confirm that the plan was updated as desoribed
when CES submits their revised AoR and Corrective Action Plan prior o construction authorization,
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+ EPA recommends including additional tniggers for unscheduled Aok reevaluations:

rival time of the plume and/or pressure front at OBS 1 and/or when pressure
rs significantty from modeled projections.

o Ifthear

and plomne data recorded 2t OBST difh

Butzation of competing Panoche Formation imjection projocts within the sams injection formabon

within 2 T-mule radivs of the injection w

oo Bigntficant land use changes that would affect site acosss,

EPA Evaboation of Response: The response 1s acoepiable.

«  What 13 the timing for initigting an Ao reovaluation that s tiggered based on the events
described {e.g., within one month of wdent he existence of the e

EPA Evaluation of Response: The response is acceptable; please note this in the updated plan.

¢ Please remove pressure from the lst of hydrochemical/physical parameters
ossure will not be monmtored

wlentified immediately above the confinimg zone, a5 @

in ALY

@

EPA Evaloation of Response: The well 1s described on page 7; however, pressure monitoring in ACZT (which ig the
only well 1o be completed immediately above the confining zone) 1s not desenbed on Table 11 of the Testing and

Monitoring Plan,

Follow-up Question/Request for CES:

«  Please either clanify where pressure will be monttored in ACZT or revise the Testing and Monitoring
Plan. This information should be provided prior to construction authorization.

Yos, pressure will be monitored in ACEZL and 1 included 1 the monttorng plan of ACZT as the second
> E ok

bullet potat under Section 6 of the Testing and Monttoring Plan. Table 11 in Testing and Monitoring Plan
ig for pressure-front tracking within the reservorr.

72
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2.9  Post-Injection Site Care Plan

Certain clements of CES’s Post-Injection Site Care and Site Closure Plan (Attachment E) are based on the modeling
effort and results and are evaluated below.

As required at 40 CFR 146.93(a)(2)(1) and (i1), CES presented the pre- and post-injection pressure differential and
provided a map that illustrates the predicted positions of the CO:z plume and associated pressure front at site closure.

Figure 1 of Attachment E shows the predicted extent of the CO2 plume and pressure front (1Pc=3.5ps1) at site closure.
This map and cross-sectional view match the “After 10-year Post- Injection” figure in the “AoRs” file submitted in the
GSDT. (See the section on Presentation of Model Results above.)

This figure will need to be updated as needed based on the results of the updated modeling that will be performed as
additional site data are collected.

251 Post-Injection Site Care Tane Frame

CES proposed a 10-year alternative post injection site care time frame but did not provide a justification for the
appropriateness of the 10-year time frame that addresses the criteria at 40 CFR 146.93(c). CES notes that the Post
Injection Site Care Plan will be finalized based on the results of updated modeling performed after pre-operational testing
is complete.

As discussed under “Presentation of Model Results,” the differences in the predicted position of the plume and pressure
front between the cessation of injection, 10 years post-injection, and 50 vears postinjection were fairly minor, suggesting
that the plume movement may remain stable after injection ceases, which may justify a 10-year post-injection site care
timeframe. Future versions of

Attachment E will need to address each of the criteria at 40 CFR 146.93(c) based on the site-specific data collected.

This discussion will be revised as necessary during the review of the pre-operational phase AoR modeling.

252 Non-Endongerment Demonstration Criteria

In Section 6 of the Post-Injection Site Care and Site Closure Plan, CES described the contents of a non- endangerment
demonstration report that would contain: a summary of existing monitoring data; computational modeling history; and
evaluations of reservoir pressure, the COz plume, and emergencies or other events. The following recommendations are
offered to provide for a set of criteria that are as specific as possible and can be supported by the data CES will collect
during injection and post-injection testing and monitoring. It is recognized that several related parts of the project are
under development (e.g., testing and monitoring activities, AoR modeling); however, these recommendations are offered
to reduce future uncertainty.

= The criteria should specily that the same delineation model that supported the nitial AcR delineation will be used in
future reevaluations and 1o moke the non- endangenment demonsiration to Bctlitate verification and/or madel
calibration using actual monitoring and operational data.

EPA Evaluation of Response: The response 13 acceptable; we will confirm that the plan was updated as described in
the regponses in this section when CES submits a revised PISC and Site Closure Plan with the updated permit
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application prior to approval for construction.

The oritenia should discuss the pradicted behavior of the COT plume and pressure front, supported by maps and
graphs (.2, of pressure profiles or extent of the plume and pressure front) m the context of the data that will he
te that the plume and pressure front are behaving as predicted at various points in thne,

collected to demonsira

EPA Evaluation of Response: The regponse is acceptable.

= The data that will support the non-endangenuent demonstration shoudd be congistent
with the fnal mjection and post-injection phase tosting and moniioring siratogies
Astachments O and B, For example, the geophysical methods selocted (10, 2D vs,
3TF sotamic surveys) should be consistent. They should also be spoeific as 1o the
pes/locations of data that will be gathered and compared against the medsl
prediction o facilitgte model validation {eg., the formations fr which groundwater

guality data will bo collocied and pressure monitoring locations).

EPA Evaluation of Response: The response is acoeptable; we will confirm that the Testing and Monttoring Plan
meludes injection-phase 3D seismic surveys when CES submits a revised plan prior to construction authorization.

{Responses to RATL 4 indicate this is planned.)

«  The oritena should melude an evaluation of nawra! and artificial poteontial conduits for fuid

movement, meluding the faults desertbed i the goologie namative.

EPA Evaluation of Response: The response is accepiable.

ttoria should mclads evaluatons of mobilized Huids and passive seismic

¢ The non-ondangorment o
i o these ovaluation areas,

data. I appears that the discussion m Section 0.6 addres

¢ The nor-ondangorment gritoria shouald inchuds a sununary of any emergencios or other
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unanticipated events that may ccour during the imection and post-injection phases. This may be
prosented o table that shows (1) examples of unanticipated events that might occur, and (2) the
types of data that might be used to demonstrate that any associated tssues have boen resolved

such that thers 18 no endangerment to USDWs,

EPA Evaluation of Response: The response 15 acceptable.

3 Appendix A: Updated Tables and Figures

Table 2: Proposed operational procedures.

Parameters/Conditions T amit ot Permitted Value

Maximum Injection Pressure
Surface2026 psi
Downhole5677 st
Average Injection Pressure
Surface(1042 st
Downholeid212 psi
Maximum Injection Rate 958.9 tons/day
Average Injection Rate 958.9 tons/day
Maximum Injection Volume and/or Mass 350000 tons/vear
Average Injection Volume and/or Mass 350000 tons/year
Annulus Pressure e psi
Annulus Pressure/Tubing Differential 100 psi

2. Injection Well Operating Conditions

PARAMETER/CONDITION LIMITATION or PERMITTED VALUE
Maximum Injection Pressure — Surface 2026 psig
Maximum Injection Pressure — Bottomhole 5677 psig
Anmulus Pressure 3777 psig
Annulus Pressure/Tubing Differential 100 psig
Maximum CO:Injection Rate 958.9 tons/day
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Figure 1: Well log upscaling of the two nearest wells over the Second Panoche Sand (from Petrel 2019).

Schlumberger-Private

s

s &

Kint_Sea s

mi

76

ED_006132B_00000814-00078



Clean Energy Systems Permit Application No. ROUIC-CA6-FY20-1 — Response to EPA Request 5 — March 5, 2021

Second Panoche

|

BEIET

Figure 2: Well log upscaling of the two nearest wells over the upper section of the Second
Panoche Sand (from Petrel 2019).
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Figure 3. Porosity-permeability crossplot model cells colored by formation (from Petrel 2019).
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Figure 4: Porosily—permeabilily crossplots of well logs and upscaled cells (from Petrel 2019).
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Figure 5. Porosity-permeability crossplots of well logs vs. facies type (sand and shale) (from Petrel 2019).
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Figure 6. Rock types along the E-W cross section (from Petrel 2019).
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Figure 7. Upscaled porosity profile along the N-S cross-section.
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Figure 8. Upscaled permeability profile along the E-W cross-section.
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ENCLOSURE 4

Evaluation of Applicant Responses to EPA’s Technical Review Comments on the
Proposed Well Construction, Plugging, and Corrective Action Activities in the CES-
Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES-Mendota Class VI
UIC Permit. EPA’s Technical Review Comments and recommendations (dated October 28, 2020) are in blug text. CES’s
responses (dated November 2, 2020) are provided in g text. EPA evaluations are in red text. EPA expects that most
of these questions can be answered based on available information and requests that they be addressed in the updated
permit application that CES plans to submit later in 2021. However, where applicable, EPA notes below that some
cannot be fully addressed until the well is constructed and pre-operational testing is performed. No confidential business
information is included in this document.

3.1 Injection Well Construction

Section 5 of the permit application narrative and Attachment G describe the proposed injection well construction design.
The proposed injection well design is presented in Figure 1 of Attachment G and Figure 51 of the narrative. The figure
shows the position of the various casing, tubing and perforations to be implemented in the Mendota INJ 1 injection
well.

The proposed injection well will be a new vertical well, to be drilled with a deviation of less than 5 degrees. The
applhication explains that well logs to provide formation properties and any needed formation sampling will be run from
7,432 feet to 1,800 feet (see additional evaluation under “Pre-Operational Testing of the Injection Well,” below). If,
based on cement and casing evaluation logs, a competent formation to set casing is found above the Third Panoche Shale,
then the 9-5/8 inch hole may not be drilled to 10,412 feet. A 7 inch, 38 Ib/ft, T-93 Tvpe 1 casing from 0 to 7,332 feet and
then 7 inch 38 Ib/ft TNS313Cr casing from 7,332 feet to 10,412 feet will be run mnto the hole and cemented to surface.
After the cased hole logs are run, the well will be perforated and completed with an injection packer and 3-1/2 inch L-80
13Cr tubing string. The perforation interval will be selected based on the log analysis, but is anticipated to be from about
9,600 feet to 9,820 feet.

Well construction will provide 3 casing barriers with generously cemented annuluses covering the USDW from the
surface to 1,800 feet. Covering the USDW will be the 16 inch, 10-% inch, and 7 inch casings.

A removable 3-% inch tubing string with a retrievable seal bore packer will be used to facilitate movement and
changeout of the tubing string and allow for needed testing. The tubing string will be fitted with nipple profiles to
facilitate testing of the tubing, packers, and tubing annulus. Pressure and temperature monitors will be installed downhole
and at surface on the various annular ports for the casing wellhead and tubing.

All casings will be cemented to surface. The application states that there are currently no known conditions preventing
bringing cement to surface without a stage collar on the surface, intermediate, and long strings.

Coverage of the anmalus and cement strength will be evaluated with wireline cement bond log (CBL) and ultrasonic
cement evaluation logs.

The conductor casing is expected to be driven but a provision has been allowed to drill a hole and cement the casing if
soil conditions do not permit driving the casing to s feet.

The surface casing will cover the USDW at a maximum depth of 1,415 feet TVD. Surface casing depth is expected to
be 1,800 feet. Type II/V cement meets ASTM Specification C 150. It is a low alkali Portland cement for general use and
where high sulfate resistance 1s required.

The intermediate casing will be set 100 feet into the top of the Moreno Shale confining zone. Cement will be brought
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back to surface from 7,432 feet TVD. Class G cement is an API grade cement with specifications defined in various APL
standards, primarily API Spec 10A. Pozzolan will be an additive to reinforce the cement slurry.

The long casing string will be set 100 feet into the Third Panoche Shale but may be set higher if an appropriate formation
can be found. Cement will be brought back to surface from 10,412 feet TVD without a need for staging equipment. The
CO:resistant EverCRETE* will be taken to above the Moreno Shale with a top of 7,332 feet to 7,000 feet. The
application describes EverCRETE* as state of the art for storage of CO.for GS and enhanced oil recovery projects that
can be incorporated into standard primary cementing operations for zonal isolation of new CO:injection wells.

Commentys op Well Construction Proceduves and Materinls

The Class VI Rule requires that well component materials be compatible with the planned mjectate and formation fluids
that may be encountered and can resist corrosion for the duration of the project. The application states that materials
suitable for CO:environment are clearly specified in API, ANSI/NACE and ASTM standards and that suppliers of
components will be required to demonstrate and provide certification that their equipment has been tested and evaluated
against these standards and that they are suitable for purpose in the environment defined.

While a preliminary injectate composition is described in the narrative, the application also states that well construction
materials will be reviewed following tests of the composition, properties and corrosiveness of the injectate. When CES
provides details about the specific materials, EPA will conduct a fuller evaluation. However, based on the impurities
anticipated to be in the CO.injectate, as listed in Table 8 of the narrative (i.e., H:0, O., H:, N;, CO, Ar, NO, NO., H2., and
NH:), CES’s proposed approach to construction appears to be acceptable.

The strength of all proposed well materials must be capable of resisting all of the forces encountered. The application
states that casing selection has been evaluated against industry standard worst-case loads to determine if selected casing
sizes, material thickness and grade are suitable for the environment in terms of pressure and temperature. Where
applicable, special loads were created to determine if the casing could handle a load not covered by current standards.
Areas evaluated are casing/tubing burst, collapse, axial and compressive strengths m unilateral, bilateral and triaxial
(Von Mises) load scenarios.

Tables 10 to 14 in the application narrative provide casing design specifications and details. There are inconsistencies
between the text and the casing details in Tables 13 and 14 regarding the casing grade to be used in the surface,
mtermediate, and long string casings. The text states the grades as L-80 for the mtermediate casing and long string casing
but T-95 in the two tables. The grades listed in Tables 13 and 14 are also inconsistent for the surface and intermediate
casing strings.

Conduetor 86 22 21 197.41 B Welded 26.13 2440 1950
Surface 1800 16 15.01 84 N80 Long 26.13 4330 1480
Intermediate 7432 10.75 9.760 55.5 N80 Long 26.13 6450 4020
Long-string 7332 7 5.920 38 T-95 Type Long 26.13 12830 13430
1
Long-string 10412 7 5.920 38 TN Long 14.92 12830 13430
95Cr13
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Table 14 : Mendota INJ I casing details.

Depth Diamoter Thickness Diameter Weight
Conductor 86 fi 26 in 1l 22 in 197 41ppf 16997 1bs
Grade: B
Connection:
Welded

Surface 1800 ft 20 in 0.8751n 16 in 34 ppf Grade: 151200 1bs
Connection:
Tenaris ER

Intermediate String 7432 ft 14.75 in 0.495 in 10.75 in 55.5 ppf 412476 lbs
Grade:
Connection:
Tenaris Blue
Long String 7332 9.625 in 0.590 in 7.0 1n 38 ppf Grade: 422792 lbs
T-95 Typel
Connection:
Tenaris Blue
10412 9.625 in 0.590 in 7.0 in 38 ppf
Grade:T95-13Cr
Connection:
Tenaris Blue

The injection well construction procedures and materials are satisfactory except as discussed and noted below.
Commenes on Cementing

The proposed cementing procedures must provide a continuous sheath of cement from the bottom of each casing
string to the surface with placement of the surface casing below the depth of the lowermost USDW. The application
states that all three casing strings will be cemented from total depth to the surface and will provide three casing
barriers with cemented annuluses covering the USDW from surface to 1,800 feet. As noted in the geologic
evaluation report, formation sampling will be performed to confirm the depth of the lowermost USDW; however, a
surface casing depth of 1,800 feet is likely to be adequate.

CO.resistant EverCRETE cement will be placed from the total depth of the wellbore through the Panoche
Formation to above the Moreno Shale. The EverCRETE* system should provide zonal isolation during injection,
throughout the life of the well, and after plugging. CES states that it has proved to be highly resistant to CO.attack
in the most extreme laboratory conditions, including environments with wet supercritical CO.and CO.water
saturation in downhole conditions. As with the well construction materials described above, a definitive
determination of the proposed cementing plan is pending final analysis of the injectate; however, based on the
anticipated impurities in the CO:stream, CES’s proposed cementing approach appears to be acceptable.

{huestions/Regresss for CES:

o Please clarily the castng grade for the surfice, intermedicte, and long siving casings in the texs and

in fubles {3 and 14

EPA Evaluation of Response: Table 4-3 indicates that the grade of the surface and intermediate casing
materials 18 N80, which is consistent with information in Table 13 of the permit application narrative. This
response s acceptable. However, the narrative description of the casing specifications 15 still inconsistent with the
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casing grade information i Table 4-3 and should be revised when the updated construction plan s submitied.

28 FyverURITTE is move protective than
k. How long will EverU BETE endure under

« Please provide dura from the mamdactrer that dé;‘?é{)i‘iﬁii"{i*’

Fortland Cement under the deep well conditions o
5
H

snolusions?

2

fong ferm (00 coveasive condifions, and what data support the

EPA Evaluation of Response: This SPE paper compares the performance of Portland cement with a “new COo-
resistant material,” (which is assumed to be BverCRETE). It concludes that the material has good mechanical
behavior and remaing comparatively inert in the presence of wet COu. It does not directly address the longevity of
EverCRETE; howover, such information may not be available for CO: GS applications. Ne further questions.

s dre capiliary tubes wsed fov Instcdiotion of either fiber optics or other equipmend external in the casing? §f
so, what iz their ueraal dicgmeter, and how will ‘*’;a{v be plugeed at the end of the well's fife?

EPA Evaluation of Response: Response 1s acoeptable

Considerations based on the resufts @f Fre-Lperational TestingMeodeling Updares:

v CESwill need 1o demon @ ihad the selected well component muterials are compatible with formation
v e e (}z*rm‘eii as described in she resulis ofpre-infection formation westing, ond that u;

asion for the duraiion of the project

« The surface cosing deptlvcementing specificarions may need to be modified based on the vesulis of
,

P N . 3 { 5 % 7§70
(T;?‘?ij’ﬁ\;éﬂfi‘ of sempled formation waler during Jrilling of the fnjection and moniforing welly to defermine the

5

base of the lowermosy USDIY

7

. v
At

s Following the pre-construction measurement of the composition, properiies, and corrosiveness of the

uriectate, the well construction materials and coment will need o be reviewed based on the results of these tests.

» The final comstruction Sa’fzws atics should reflecs CEN s decision fo injecs snin the Second Panoche ¢ihe

W

primary injection farges) or the Fourdh Panoche (the alternafe Injection zone).

EPA Evaluation of Responses: The above responses are acceptable at this point in the project. EPA will review
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updated construction procedures following pre-operational testing.

Additional Question for CES:

CalGEM reports that there has been subsidence in the area of the Mendota site {e.g., i the Gill Ranch Field,
subsidence 18 ccourring at a rate of four inches per vear). This has resulied in casing collapse and the reemergence
of abandoned wells. There 18 concern that o similar problem could anse at the Mendota site. The Field Rules for
the Gill Ranch Field {and others) require relicving stress on the surface casing {e.g., via wellhead design that
allows differential movement between the casings). Because Class VI wells have comenting of the surface casing
to the surface, fexibility may be noeded to address this potential concern.

Has CES considered how it might modify the well design to mitigate shallow compression while stiff complying
with the requirement to cement 10 the surface?

# CES was not aware of the extent of subsidence o the ares af the tme of our imnal subraittal, CES will
gather stte-specific mformation to assess the sxient of subsidence o determing the significance of
compaction to the wellbore. Based on this information, CES will provide options for mitigating the effect
of subsidence. Information will be gathered 1n the coming weeks, A mecting will be raquested with EPA
— and CalGEM if advishle — o review the options. Review of CalGEM s Field Rules shos thev appear o
deviate from EPA"s Class VT injection well constrostion regulation.

3.2 Safety Valves and Shut-Off Devices

The wellhead will be equipped with safety valves and shut-off devices at the injection system and annulus of
the well. Automatic shutdown devices would be activated under certain conditions, including when wellhead
pressure exceeds the specified shutdown pressure and/or the annulus pressure indicates a loss of external or
mternal well containment.

The Emergency and Remedial Response Plan, described in Attachment F and Section 4.0 of the application,
provides a description of the events that may necessitate gradual or immediate shutdown of the well depending
on the severity of the event. Attachment A describes the shutdown procedures.

Orestions/Reguests for CES:

v vaives and shug-off devices thar CES

o Please provide addisionad informasion about the fypes of s

T T ar 7 3 g T P S crerivi e e Bioevar FE ; o fiesbrad ey #4 T Y AR PR Ty
proposes o use) in partdculer, please descritbe by the fhe finked 1o the comtimuous injection and

anmdus monitoring svsfem.
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EPA Evaluation of Response: The Class VI Rude allows the use of automatic surface shut-off systems (with
down-hole shut-off systems at the Director's diseretion). This response is acceptable;

EPA expects that CES will provide well schematics and final well construction plans that include the selected
devices and will review these when they are submitted.

= Foll well and completion schematics will be provided when o finalized design 13 completed along with

discussion of the design

s qangd

s Plegse wniectHon well schemaics fo show the surfoace

femperature gauges that are referenced in the Testing g ff%»fii:s;é?z;’m ing Emm

£y

EPA Evaluation of Response: The schematic on page 46 of the response shows the locations of temperature and
pressure gauges within the Panoche Formation (at 9,290 and 9,437 feet); this is consistent with information on Table
11 of the Testing and Monitoring Plan. This response s acceptable.

3

3 Pre-OUperational Testing of the Injection Well

The proposed pre-operational formation and well testing program required at 40 CFR 146.82(a)(8) and 146.87
is described at Section 6 of in the permit application narrative and in Attachment G. Attachment G describes
tests and logs to be performed: at the surface, in the surface section of wellbore, the intermediate section of
wellbore, and the total depth section of wellbore, along with tests to be performed during and after casing
mstallation (i.e., cement evaluation and mechanical integrity, formation CO.saturation testing, and formation
testing). The proposed testing and logging program 1s considered comprehensive and acceptable, except as
noted below.

Cuestinns/Reguests Jor (ES:

o Plogse add caliper logs fo the Jogeing program before swrface, informedicte, and long stving

casing are installed, in accordance with 0 CFR 14887,

s Plegse add rempersiure logging affer each casing siving is set and cemented in sccordancs with
HOCRR e 87,

EPA Evaluation of Responses: The updated testing and logging procedures were not included in the
rosponse. However, EPA finds this response to be acceptable and will confirm the inclusion of caliper and
temperature logs 1 the updated testing and logging procedures when they are submitted with the revised
permit application.

Cousiderarions based own the vesulis of Pro-Operationad TestingMaodeling Updates:

e Ay described in other FEROYES {4

evahuntion reporisi, the proposed formation (esi

the Ao model )?H(T evafuation and the fé’&”???“ arred F??G%ii{)i'ﬁi?

P

ing program will provide informution 1o suppor
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& PEvINiL, p;fm v inpus for modeling 1o delineate the
ety 3";53( will be meay ;;e,;’zwz it
onsiderations may be revised o v proceed fo
nd foged vogrem will collect s iv;;buzb on peeded
;‘?'53‘3’(};‘ mction on yul ragtions and fluid

geochemisty, o s,? address /m’g fified uncertainties.

past injection phases. 4% need

i
¢ ‘
K e pre-oper wesfonad fess 33? i

@

EPA Evaluation of Response: This response is acceptable.

331 Pressure Falloff Testing (PFOT)

General Comments

The proposed falloff test procedures presented in Attachment G are duplicated in Attachment C (the Testing
and Monitoring Plan), but with minor differences between the two attachments. The differences were noted in
step 18 of the Falloff Test Report Requirements and in a missing step 2 in the Evaluation of the Test Results in
Attachment C that is present in Attachment G. Also, the steps in Attachment C should

be re-numbered for consistency with Attachment G. In addition, steps 3, 4, and 5 in the Pretest Planning
section of Attachment C are inconsistent with steps 3 and 4 in Attachment G and the reference to an appendix
concerning pressure gauges is missing in Attachment C. The referenced appendix is included in the Region 9
PFOT Guidelines document.

{huesiionsReguests for (ES:

o Flegse address the disorepancies between Afiachments O and § dizsoussed above and provide o
S, 7 ;- remnced Brevyire fofl P T sv nf e

compleie and corvect copy of the proposed pressure fall-off fesi procedures and a copy of the

5

3

TEENHLY

v Please also include thiv in the Testing and Monitoring Plan,

EPA Evaluation of Responses: The requested changes have been made and, 1f the same procedures
are included in the updated Attachments € and G o ensure consistency, then these responses arg
acceptable.

e The updated HBlloff st procedures will be meluded in Attachments C and G

The proposed PFOT procedures in Section 8 of Attachments C and G are nearly identical to the Region 9
PFOT Guidelines document, except as noted below:
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332 Tionwng and of Fall-off Testing and Report Sebmiznion

The initial PFOT should be performed upon well completion, but before injection operations begin and
annually thereafter, as described in 40 CFR 143.87(¢e)(1) and the PFOT Guidelines. See additional discussion
of the PFOT timing in the testing and monitoring evaluation report.

333 Falleoff Toot Report Requirements

Uueestions'Regaests for CES:

Please add “clapsed time ™ to the end of the first bullet of Stop 18 in 4 hent €.

EPA Evaluation of Response: The requested change was made; this response is acceptable.
Flanning

The ninth bullet is not included in the Region 9 PFOT Guidelines. The testing options described would be
subject to EPA approval

Ouestions Reguests for CES:

3N o resd SN o f T e I SN . A crs o s s i PRI A B ) [y )
s Please add that she esting options for wse of other pressure sransient 1exis desoribed in the ninth
H P a¢ Fovre I3 crrsitarey 2 gy dn it ey B4 d- S EY SN E
fadies upder “Planning are subject 1o KP4 approval,
[ U! R

EPA Evaluation of Response: This response 1s acceptable.

334 Pretest Planning

Step 3: Bottomhole pressure measurements are not only superior to surface pressure measurements but are
required in all pressure transient tests unless measurement of only surface pressures is approved in advance by
EPA. The second sentence is also not applicable to PFOTs unless approved by EPA.

Step 4: This language was added by CES and is acceptable.

Step 5: This is 1dentical to Step 4 in the Region 9 PFOT Guidelines except for omission of the reference to the
Appendix in the Guidelines. This step is included in Attachment C, but not in Attachment G; as noted above,
EPA requests that the two attachments be consistent.

Cuestinns/Reguests Jor (ES:

+ Please revise Nep 3 nnder “Protost Planning™ o rogquire bottombole pressure in addition 1o swrface

wreasure gauges for conducting PFOTs performed without advanee EPA approval fov ase of only
E o gl & ' o

EPA Evaluation of Response: The requested change was made. This response 18 acceptable.
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335 Conducting the Fall-off Test

Steps 6 through 11 are not included in the Region 9 PFOT Guidelines and were added by CES. They are
acceptable with the following exception in Step 9: the maximum injection pressure should not exceed the
maximum allowable surface injection pressure specified in the permit, which will be limited based on the

formation fracture pressure and a safety factor.

Ouestions Reguests for UES:

@ Eaximen

EPA Evaluation of Response: The requested change was made. This response is acceptable.

3.3.6  Evaluation of Test Results

Step 2 in Attachment G is missing in the PFOT procedures in Attachment C but is not included in the Region 9
PFOT Guidelines. It is an acceptable addition to the procedure, but the Attachment C and G PFOT procedures

should be consistent.

Step 3 in Attachment C (Step 4 in Attachment G), fourth bullet in the Attachment C version of the FOT
procedure omits the phrase “and skin pressure drop” that is included in the PFOT procedure in Attachment G.

Step 5 in Attachment C (Step 6 in Attachment G) is not included in the PFOT Guidelines but is an acceptable
addition to the PFOT procedure.

The language added by CES that follows Step 5 in Attachment C (Step 6 in Attachment G) is acceptable, but
the second paragraph referring to “unusual petition approval conditions” is not applicable to Class VI wells.
Likewise, the discussion of comparisons of PFOT results to no-migration petition data is not applicable to
Class VI permits. However, this information may be relevant to AoR reevaluations.

Ouestions/Beguests for CES:

s Plegse add Step 2 ro the FOT procedure in Aviachmen: O

&

re to the 80T procedure in Aiachment { for
fachment (.

£y

o Consider revising the divowssicn in the second paragrapl fo discuss how wnanticipated FOT vosults moght

mfom Aok resviluntions,

EPA Evaluation of Responses: The requested changes were made and the above responses are acceptable.
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Note that there are a few references 1o a “petition” in the FOT procedures. These do not affect the
appropriateness of the procedures; however, EPA recommends revising the text for clarity when the updated
perrait application 1s submitied.

Foliow-up Question/Request for CES:

*  Please remove all references to a “petition” in the FOT procedures for clarity when
the updated permit application s submitted.
e Comment noted. All reforences to 8 “petition” will be romoved in the FOT procedures when the updated
permit application 15 submitted.

3.4 Monttoring Well Construction

EPA recommends in Class VI guidance that monitoring well construction be reviewed in a manner that is
similar to the injection well review (especially for the deep ground water monitoring wells).

CES describes seven proposed monitoring wells in the Testing and Monitoring Plan and indicates that the
location and design will be finalized in a later phase of the project. EPA requests that CES provide construction
procedures and specifications for cach well (particularly ACZ 1 and OBS _1) for EPA to review in the context
of updated geologic information.

Note that EPA understands that the California Regional Water Quality Control Board will need to approve the
construction of any new monitoring wells. While this will not be a UIC permit condition, it is relevant to
CES’s planning of its monitoring well network and 1s being shared for informational purposes.

Puestions/Reguests for CEN:

o Flease proposg construction procedures und specifications for the proposed monitoring wells,

While FPA undevstands that final Incations and e{ iy Qf’;";’@@ f?@@i:ﬁii&;*ii:ﬁg wells gre pending, any availaids

f o sample ‘Euiffx and me

information abowt the casing, oo :
aesey bm’s 2 zi {3 ,f"’esiisfg and L%fmfzm*zfs@ Flan is requested.

ot

e

end, and dev

LEIMBORGINFe, pressuie, gic, inai ay

I

EPA Evaluation of Response: Construction schematies and plugging diagrams/procedures for each type of
menitoring well described in the Testing and Monitoring Plan were provided. However, a discussion of
proposed monttoring well construction procedures {symilar to the discussion of mijection well construction
procedures in the permit application) should alse be provided.

A schematic for the USDWI monitoring well {on page 48) shows that the well will be cemented From the
surface through the base of the USDWs using Class G cement, with a packer set at 1,360 feet (which 1s above
the USDW base at 1,415 feet, per the pernut application). A plugging schemaiic for this well s provided on
page 31, which shows cementing from the surface to 1,500 fest.

A schematic for the planned shallow groundwater wells 13 on page 53; the depth shown (130 feet) is consistent
with the planned depth range of 50 1o 300 feet in the Testing and Montionng Plan. It 15 to be constructed with

PV casing and comented to its total depth. A schematic for plugging this type of well 1s on page 54 and shows
a cement plug through the entire depth.
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A schematic for OBST (the mjection zone monitoring well) is on page 36, This well 1s 1o be completed in the
Panoche at a depth similar to the injection well and constructed with surface casing cemented down to 1,800
fect, through the USDW base at 1,415 foet and with COg-registant cement placed in the fudl length of the long
string casing anmtus. It 1s to be equipped with temperature, acoustic, and pressure gauges at the depths of the
USDW, above the confining zone, and in the Panoche (which 13 consistent with the Testing and Monitoring
Plany. A pluggimg schematc for this well 13 on page 39

A schematic for ACZ1 (the above confining zone monitoring well) is on page 61. This well is completed ata
depth of 7,332 {feot {above the Moreno confining zone). 1t 1s to be cquipped with temperature, acoustic, and
pressure gauges at the depths of the LSDW and above the confining zone {consistent with the Testing and
Monitoring Plan). It has surface casing cemented down to 1,300 feet, below the USDW base at 1,415 feet. A
plugging schematic for this well 1s on page 64.

The information provided in the schematic diagrams 13 generally consistent with other information in the peormit
application, including the Testing and Monitoring Plan and information about the depth of the injection and
confining zones and USDW. Based on currently available imformation, this response is acceptable.

EPA will review updated schematics and plagging plans in the context of the results of pre-operational
formation testing.

Foliow-up Question/Request for CES:

#  Please include a discussion of proposed monitoring well construction procedures (i.e.,
sumilar 1o the discussion of injection well construction procedures), i the updated permit
application.

e The well construction details, diagrams, and schematios will be updated after pre-operations] testing s
complete and will be provided in the updated permit application, unless required prior o permyt to
construct.

Considerations based on the results of Pre-Operations! Testing/Modeling Updutes:
s The monitoring well construction detaily and locations will need (o be reviewed and modified ay
necessary based on updated geclogic nformation collected during drilling of the injection well

and plapmed pre-operationa! seivmic surveys.

EPA Evaluation of Response: This response 1s acceptable.
3.5 Injection Well Plugging Plan

The CES injection well plugging plan in Attachment D of the application describes planned tests or
measures to determine bottom-hole reservoir pressure and planned internal and external mechanical

mtegrity tests. The MITs are listed in Table 1, and include an acoustic survey and temperature log, as required by 40
CFR 146.92. It also provides information on plugs (with materials and methods noted in Table 2), and a narrative
description of plugging procedures. The Post Plug and Abandonment Well Diagram is provided in Figure 6.4.
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Table 2 of Attachment D (reproduced below) presents the plugeing details.

Flug Information Plug #1 Plug #2 Plug #3 Plug #4

Dxametf;r of boring in which plug will be 590 s o0 s 9o s oo
laced (in.)

Depth to bottom of tubing or drill pipe (ft) 9637 7782 1950 100

Sacks of cement to be used (each plug) 145 S1 51 20

Slurry volume to be pumped (bbl) 30 11 11 4

Shurry weight (1b./gal) 15.8 15.8 15.8 15.8

Calculated top of plug (ft) 8837 EEIN 1650 0

Bottom of plug (ft) 9637 1950 100

Type of cement or other material CO? Class G Class G Class G

Resistant
Method of emplacement (e.g., balance[Balanced Balanced Balanced Balanced
method, retainer method, or two-plug]

imethod)

The bottom-most plug (the only one that is anticipated to come into contact with the COz injectate after injection
operations cease) is to be composed of COz-resistant cement, and the remaining plugs will be Class G cement. It is not
clear why CES is not proposing to use the same EverCRETE product that is proposed in well construction to plug the
mjection well. If, based on their responses to EPA’s questions about EverCRETE, this system is approved, it may be
appropriate to use the same product when plugging the injection well.

EPA Evaluation of Response: This response is acceptable.

The plugging procedures state that the test pressure should be maintained +/- 10% for 30 minutes in order to pass the test
(page 8). The well test pressure during the plugging procedure should not change more than 5 percent in 30 minutes.

EPA Evaluation of Response: This response 15 accepiable. EPA will confirm the revision when the updated
well plugging plan is submitied.

The Injection Well Plugging Plan is subject to revisions to reflect the actual depths of the Moreno and Panoche
Formations, selection of the injection zone, and determination of the base of USDWs and final well construction details,
based on geophysical logs and interpretation of site geology after the injection well is drilled. Estimated depths of the
Moreno and Panoche Formations, injection zone, USDW base, and significant water and hydrocarbon bearing zones
encountered should be included in the well plugging schematic.

The cement plug at the base of the intermediate casing is misplaced on the plugging diagram and in Table
It should be placed at 7,582 to 7,382 feet instead of 7,782 to 7,582 feet. The surface plug appears to be placed from +/-
10 feet to the surface but is described as from 100 to 0 feet in the plugging diagram and in Table 2.

According to Figure 6.4, the perforations are 9,337 - 9,537 ft and the bridge plug is proposed to be set at 9,637 ft. This
would mean that the bridge plug would be set below the injection perforations, followed by balancing a Class G cement
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plug across those perforations. EPA recommends the following changes to provide a solid block of CO-- resistant cement
covering the injection perforations and have the benefit of a cement retainer on top of the block with another plug on top
of that:

Set bridge plug at 9,637°.

Set cement retainer at 9,237°.

Pump CO.-resistant cement through cement retainer under pressure (to squeeze some cement into
the perforations). Use enough cement to fill the ~400° of 7 casing between the bridge plug and
the cement retainer.

4. Sting out of cement retainer and balance 100” - 200” of CO:resistant cement atop the cement
retaier.

(OS]

EPA Evaluation of Response. The changes are acceptable as described, except for step 3 above,
which 13 incomplete.

Follow-up Question/Request for CES:

¢ The description of step 3 (“Circulate and two stands above 9237 f17) is incomplete.
Ploase complete and clanify the deseription of step 3 m the updated plan.

3. Pull back two stands above 9237 & to perform a sguesze operation.
The revision will be incleded in the updated plan.
{huestions/Regresss for CES:

¥ 5

e the plupging procedure o stale thar the fesd pressuves shoudd be mupiniained @

+45 B for 3 minuies.

EPA Evaluation of Response: The requested change was made. This response is acceptable.

P onven e thie 4 Areitdo P idy o2 Ao 217 58 et dre By Fna e fhe ooloriosd
o Please add the esiimated deptha of the Meoveno and Panoche Formations, the selecied

fnfection rone, the base icant waier and fiydrocarbon

FIL

saturgied zones encounterad in the wellbore 1o the wall plugoing schemaric,
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* he fntermedicie caving shoe and
sgram and in Table 2,
EPA Evaluation of Response: The plugging dlagram on page 47 has been revised to clanify the depths
of the cement plugs at the intermediate casing shoe and the base of the conductor pipe 1n Figure 5-2.
However, no plug s provided at the base of USDWs at 1,415 foet.
Follow-up Question/Request for CES:
s Please add a cement plug at 1,519 10 1,315 foet or extend the plug at the surface casing shoe
to 1,315 feet to cover the base of the USDW in the updated plan.
e Please refor to updated schematios below,
v Please revise the depih and preocedures associal s bwidpe plug af the botiom of the well as
deseribed sbove.
EPA Evaluation of Respense: The reque:md change was made. This response 1s acceptable.
¢ sxpfain why CEN plans 1o wee different coment 1o pheg the well than the one proposed jor use in

EPA Evaluation of Response: This response 1s accepiable.

Considerations bused on the results 9{"ngwﬁpgmmimi FestingModeling Updates:

2

ised o reprevent aofuad depifiy of
18 f"),l/(’ 3/ f}ﬁ/ }'i!“s{,’(}
.

giter the fnjection well s drilfled and

The Injection Well Plugoine Plan and well schemuiio will need io be rev

oA PSS

the ﬂfo eno and Panoche Formations, .f‘fV;e Sa;’ecwa’ fnjection rone, gnd the base Of £
§

e

on geophysical loge and modified iner

compieted,
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o Fhe final well plugeing schematios will need 1o veflect UES s decision {o inject into the Second Panoche

{the primary ing e altevnate Infecfion zone) and reflect the final well

fion iarges o the Fourth Panoche i1

EPA Evaluation of Response: The responses above are accepiable. EPA will evaluate the final well
schematics when they are submitted.

3.6 Monttoring Well Plugging Plan

The proposed plugging and abandonment procedures are described in Section 7.1 of Attachment E (the
PISC and Site Closure Plan). The attachment describes generally the procedures CES will use to plug the
monitoring wells, including removal of surface fixtures; use of appropriate materials (cements and plugs) for
use in CO:environments; and performance of internal and external MITs and other logs. The application
notes that well specific procedures will be developed and submitted prior to starting operations.

The plugging and abandonment procedures are generally satisfactory but, as noted above, monitoring well
construction information was not provided. Without well construction details and plugging schematics, the
plugging procedures are deficient and cannot be evaluated.

Cuestinns/Reguests Jor (ES:

o Pleqye provide proposed construction deiwils and plugging schemugion for each of the
éi,

KN

manitoring wel

EPA Evaluation of Response: This response is partially acceptable. However, cement plugs should
be placed at the base of the USDW in the OBS-1 and ACZ 1 wells, similar to the recommendation for
the njection well,

Foliow-up Question/Request for CES:

s Please add a cement plug in the OBS-1 and ACZ T wells at 1,519 10 1,315 feet or extend
the plug at the surface casing shog to 1,313 feet to cover the base of the USDW i the
updated plan.

e OB5-1, ACZ-1, and INJ-1 have plug reguirements updated in Appendix A below.

¢ The well construction details, dingrams, and schematios will be updated after pre-operational festing 1

complete and will be provided in the updated pernuit application, urdess required prior 1o pernmt to

consiruet,
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Considerations based on the vesults of Pre-Operations] TestingModeling Updates:

i SRR maion gt

o BFA will need 1o review the plugging procedures baved on updared geolog

i

conswruction schemeagios after the wells are deifled and compleied

3.7 Corrective Action on Wells in the AoR
Attachment B describes two wells within the AoR that penetrate the Moreno Shale confining zone:
Amstar 1 (drilled into the First Panoche Sands) and BB Co. 1 (drilled to basement rock). The Attachment
describes the five wellbores located within the AoR and the condition of the two deficient wellbores.

The attachment describes the process by which CES identified wells within a 2.5-mile radius of the
proposed injection well, determined which wells penetrate the Moreno Shale confining zone, and reviewed
drilling and abandonment records for the wells that penetrate the confining zone. It appears that CES used
appropriate methods to identify all artificial penetrations throughout the AoR and the list of artificial
penetrations is complete (see the AoR modeling report for additional information).

Attachment D describes the plugging procedures for the Amstar 1 and BB Co 1 wells (the two wells that
require corrective action). Figures 14 and 15 from Attachment B are inserted below to illustrate the wellbore
condition after the plugging procedure is completed in each wellbore.
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Figure 14: BB Co. 1 wellbore after P&A
operation

Figure 15: Amstar 1 wellbore afier P& A
operation

The Amstar 1 and BB Co 1 wells currently have only one relatively shallow casing installed (the Amstar 1 has a
cemented surface casing at 1,020 foet and the BB Co 1 has a cemented surface casing at 1,745 feet). Each well was
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drilled much deeper but no production casing was installed and instead each was open-hole plugged and abandoned,
meaning just a small plug of cement is present inside ecach well’s drilled production hole. CES proposes to re-enter these
two wells, drill out these plugs, and re-plug them. Under the CES proposed plan, the two wellbores would be filled with
Class G cement from total depth upward into the surface casing and from 110 to 5 feet inside the surface casing. It is
unclear why CES is proposing the use of Class G cement, instead of a CO2 corrosion-resistant cement. The depth to the
base of USDWs in each well is not provided.

@

EPA Evaluation of Response: This response is acceptable. EPA will evaluate the final plugging schematies
when they are submitted with the updated AcR and Corrective Action Plan that will be submitted after the well
13 constructed and pro-operational testing is complete.

Follow-up Question/Request for CES:

» The depth to the base of URDWs should be located i each wellbore and a 200-foot cement plug should
be placed across the USDW base 1 it 18 located within the uncemented portion of the surface casing.
CES proposes to re-plug and abandon the Amstar 1 well prior to injection operations because it is located within 1.5
miles of the proposed injection well while the BB Co 1 well is located more than 2.32 miles from the proposed injection
well and beyond the modeled AoR. The schedule for re-plugging the BB Co 1 well 1s not provided except that it will be
scheduled second to the Amstar 1 well.

EPA Evaluation of Response: This response 1s acceptable.

{uestiony/Requesis for CES

s The deepest UNIHY {calovdated ai ~F 608 1eet bos) s 5 7 eer above the Moveno Shafe which is the

secondury confining pone, ay stafed in the applicaion. Flease provide the depth to the buse of USINE:

spdugped and abandened for corrective gefion.

PSS

in euch of the two wells to be

EPA Evaluation of Response: This response is acoeptable at this point in the project. EPA will evaluate the final
plugging schematics based on a definitive determination of the depth to the USDW when they are submatted with
the updated AoR and Corrective Action Plan.

s B8 Co B well priov to commenceament of

&

EPA Evaluation of Response: This response is acceptable.
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o eidas W YOS O PN s YN xwmed NE wofesmeriigs cp of >
s The plugging procedures for Amstar 1 and 88 Co | on pages 25 and 26 reference g casing diameter
af ¥ nches; however, figures Td and 15 show thay the hole (s 875 inches, Pleuse L;’z

: ify ihe
discrepancy.

EPA Evaluation of Response: This response is acceptable.

o Ceiven that the Amsior §ond BE Co Fwellbores may evennually come into contact wish the injecied

B

(2, mae of @ (02 corvasion-resisiant coment will be required.

EPA Evaluation of Response: This response is acceptable at this point in the project. EPA will evaluate
the final plugging schematics when they are submitted with the updated AoR and Corrective Action Plan.

e Fs’;'r:i.;:;f"e 4\5 f}f‘fﬁ‘zep:zi'mﬁ g/szm"z ation narrative shows the cenivoids of the water well locations. Please

EPA Evaluation of Response: It 15 assumed this refers to Table 4-4 and/or Figure 4-1. However, EPA’s question
refers to the verified locations of water wells in the AoR.

Follow-up Question/Request for CES:

«  BPA requested the verified locations of water wells in the AoR (and not the locations of monitoring wells,
which it appears that Table 4-4 and Figure 4-1 show}. Please provide this mformation.

e Water well locations have been revised based on ‘inibrmaﬁon found in the California quer Erata Library
{WILY Saton Map, Within the AoR, there are two DWR water wells (labeled as “use: imgation,
AGTTIONIZOICIAWO0T and 367659N1203 @:'um 801y, shown m Figure 16 below (Califorma
Plepartment of Water Kesources, 20211
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Clean Energy Systems Permit Application No.

s Figure 160 Water wells mnthe AoR. {California Department of Water Resources, 2021

px

ing/Modeling Updates:
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EPA Evaluation of Hesponse: This response is acceptable at this point; EPA will evaluate the updated AcR
and Corrective Action Plan when 1t 13 subnutted afler pre-operational testing 13 complete.
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ENCLOSURE 5

Evaluation of Applicant Responses to EPA’s Technical Review Comments on the
Testing and Monitoring Plan in the CES-Mendota Class VI Permit Application

EPA reviewed responses provided by Clean Energy Systems (CES) to EPA’s questions about the CES- Mendota
Class VI UIC Permit. EPA’s Technical Review Comments and recommendations (dated October 28, 2020) are
in Blue text. CES’s responses (dated November 2, 2020) are provided in ¢ weut. EPA evaluations are in red
text. EPA expects that all of these questions can be addressed based on 'wallable mformallon 1.e., prior to
construction authorization. No confidential business information is included in this document.

Evaluation of Proposed Testing and Monitoring Activities at the CES-Mendota
Class VI Project

This testing and monitoring evaluation report for the proposed Clean Energy Systems (CES)-Mendota Class VI
geologic sequestration project summarizes EPA’s evaluation of the testing and monitoring CES proposes to
conduct during and following injection operations. Due to the similarities of certain monitoring activities (e.g.,
groundwater monitoring and plume and pressure front tracking) to be performed in the injection and post-
mjection phases, these activities (as described in Attachments C and E of the Class VI permit application) are
evaluated in a single report. This review also identifies preliminary questions for CES.

CES notes that they will report the results of all injection-phase testing and monitoring activities in compliance
with the requirements of 40 CFR 146.91. The results of post-injection testing and monitoring results will be
submitted to EPA in annual reports within 60 days following the anniversary date of the date on which injection
ceases.

1.1 Carbon Diostide Stream Analysis
CES wll sample the carbon dioxide (CO-) stream on a quarterly basis at a location after the last stage of

compression. The table below summarizes the analytical parameters that CES proposes for monitoring the CO»
stream (from Table 1).

Parameter Analytical Method(s)’

Oxygen ISBT 4.0 (GC/DID)
GC/TCD

Nitrogen ISBT 4.0 GC/DID
GC/TCD

Carbon Monoxide [SBT 5.0 Colorimetric
ISBT 4.0 (GC/DID)

Oxides of Nitrogen ISBT 7.0 Colorimetric

IAmmonia ISBT 6.0 (DT)

Hydrogen Sulfide ISBT 14.0 (GC/SCD)

CO: Purity ISBT 2.0 Caustic absorption Zahm-Nagel
IALI method SAM 4.1 subtraction method (GC/DID)
GC/TCD

Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director.
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There are no EPA-approved analytical methods for CO:1injection streams. The analytical methods CES proposes
to use appear to be from the International Society of Beverage Technologists (ISBT). All of these analytical
methods, except ISBT 6.0 have been employed for other CO2GS projects, so there is EPA precedent for their use

i EPA Class VI permits.

Most of the proposed analytical parameters match the results of a gas stream analysis that is presented in
Table 8 of the permit application narrative (replicated below). The application notes that the gas stream will
contain 96.78% CO2with some impurities. It is unclear when this sample was taken.

Injectate Composition {Mass Fractions)
From Table 8 of the permit application
H20 0.002245
oz 0.011536
H2 0.000164
N2 0.001475
180] 0.005322
coz 0.967834
Ar 0.01119
NO 9.01E-05
NO2 9.03E-08
H2S 0.000144
NH3 1.93E-10

QA procedures for all of the analytical parameters proposed for the COs:stream analysis are documented and
described in the QASP (Section A4a). Two additional parameters related to injectate analysis are mentioned
m some portions of the QASP: total hydrocarbons (THC, ppm v/v as CH4) and sulfur dioxide (SO, ppm

v/v). For example, they are mentioned on pages 21 and 35 but are not included in the summary of analytical
parameters for the COzstream in the QASP (Table 6).

Ouestions/Beguests for CES:

£y

s Fotad hvdrocarbons and 5

o s’ex.’e {30} are menvioned ay part of the

z ';éf (’xj:f: ;“{ e:(’ { (3f {f(?( i'&."h
‘ol sample deseribed on Tabi

z Festing ond M

cuniforing Plan or

?/‘\
nL}._
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g\
pant
&
o
i
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e

infeciate analysis in the DASE, but they ave not on Table §in Anachmens { f *ma Gre Bt o

i

be part of the injeciute analvyis, pleaye vemove them from the

b

£y

N S . °f
application narvative? EPA will requdr

commencement of injection.
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EPA Evaluation of Responses: The above responses are acceptable; EPA will confirm the
revisions when the updated Testing and Monitoring Plan 15 submitted.

Considerations based on the results of Pre-Operationad Testing/Modeling Updates:

o ffihe geachemival modeling evaluation indicates shat any infeciaie constifueniy muy fead o
: :

soochendoal reactions that conld affoot aperations or change aguifor properties, additional

analytical parameters for the mpootate analys

s may be warmnted.

EPA Evaluation of Response: The response is acceptable. EPA will confirm that the plan has been
updated to reflect this response when CES submuts the revised plan.

1.2 Inmjection Well Testing

The subsections below describe the planned quarterly corrosion monitoring; continuous recording of injection
pressure, rate, and volume to evaluate internal mechanical integrity; and annual external MITs that will meet
the requirements at 40 CFR 146.90(b), (c), and (e).

2210 Corrosion Moniforing

CES proposes to conduct corrosion monitoring using the coupon method. The coupons will be exposed to
conditions similar to those in the borehole, in a parallel flow-through pipe arrangement containing the stream
of high-pressure CO: at a location downstream of processing equipment and just upstream of actual injection
into the well. According to CES, the samples will be handled and assessed in accordance with ASTM G1-03.
The coupons will be inspected prior to testing and will be removed and inspected on a quarterly basis.
Inspection equipment will be able to dimensionally measure at a tolerance of 0.0001 inches, to weigh at a
tolerance of 0.0001 gram, and to photograph or visually inspect at a level of at least 10X magnification.

The proposed coupons will be composed of the materials summarized in Attachment C, Table 5, as excerpted
below:

List of equipment coupons with material of construction (Iable 5 of Attachment C)

Equipment Coupon Material of Construction
Pipeline Carbon Steel

'"Long String Casing Carbon Steel

Long String Casing Chrome Alloy

Injection Tubing Chrome Alloy

Wellhead Chrome Alloy

Packer Chrome Alloy
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The materials identified for corrosion monitoring were compared to the list of proposed construction materials
for the injection well, Mendota INJ 1, and are shown in Attachment G, Table 2, Casing Specifications,
Table 3, Packer Specifications, and Table 4, Injection Tubing Specifications, and excerpted below:

? 2440
1R00 is 84 N Long 2613 4330 1480
7432 75 555 NBO Long 2015 G450 4020
332 7 38 T-53 Type 1 Lang 26.13 12839 13430
10412 7 59280 38 T 9303 faoag 1452 12839 13430

As noted in Table 2 of Attachment G, the conductor, surface, and intermediate casing will be composed of carbon steel,

grades B and N80. The long-string casing will be composed of alloy steel, grades T-95 and TN 935, containing relatively
high chrome content.!

It appears that the carbon steel composition of the coupon for corrosion monitoring of the long-string casing (surface) in
Table 5 (from Attachment C) is not representative of the materials, both chromium alloy steels, identified for the long-
string casing in Table 2 (from Attachment G). It is not clear if the long-string casing (surface) listed in Table 5 would in

fact be used at depth, given its label, and an equivalent surface long string casing is not listed in Table 2 of Attachment
G.

EPA Evaluation of Response: The response 1s acceptable.

ifications (Table 3 of Attachment G)

Diepth Curside Tnside o Diesign Burst Collapse

S . . . | Weight Grade | - e L

Interval | Diameter Diameter (/i ) (APT) Coupling (Short|  strength sirength

{foet) {inches) (inches) - or Long Thread))  (psi) {psi}
Injection 9430 3.3 2.992 92 | L8OCHI3 Long 10166 10540
tabing :

The proposed injection tubing for the injection well will be composed of L80Cr13, or Cr13L80, an alloy steel with high
chromium content, for which the proposed coupon in Table 5 is representative.
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Pack Table 4 of A

G

5000

Uhttps://www.contallov.com/products/erade/t95

hites/metals odprospecoroom/datasheet/e2 26 cnans-n-95cri 3

Similarly, the coupon proposed in Table 5 for the packer 1s representative of the Super 13Cr steel alloy proposed for the
packer in the injection well.

Although the materials of construction for the pipeline and wellhead are not described in Attachment G, 1t 1s assumed
that coupons would be selected to represent these materials.

In addition to the corrosion monitoring described above, CES proposes to perform casing inspection logs (CILs) to
measure the thickness of the injection well casing at the subsurface (as described on page 17 of Attachment C, and on
pages 15 and 18 of Attachment G). (See also the summaries of MITs in Tables 5 and 6 of Attachment G.) The proposed
CIL would be performed prior to injection, and at one year intervals thereafter. CES proposes the following logging tools
for this testing: ultrasonic imaging (PowerFlex), magnetic flux leakage (MFL), casing bond log (CBL) and electro-
magnetic imaging (EMIT). A reduction in thickness of more than 20% of API standard thickness would prompt further
investigation.

Puestions/Reguests for CEN:

ings and materials in Agachmens O Table 5 to veflect Attachment 5

Ry S oL i N S, Fesd e rpegs G oy Fys
secifications. For example, please peovide o cowpon material vepreseniative o
e & £ & & & g

, .
., chrome affov,

T
s
o
b
s

o,

UG

EPA Evaluation of Response: The updates m Appendix A, Table 4-1 of the response now match
Attachment G, Table 2; the response is acceptable.

el
e
EalcY
s
e
-
o
o
i~
o]
Yo
g
o
b
<
o
Pl
e
s

= Pleave provide the st of construction materials 10 be used { wellhead 5o thar they

can be compared o the proposed coupon materials for the

FPOSion {esHng program,

£y

EPA Evaluation of Response: The response is acceptable. This content should be reflected in updates to the
construction plan following the completion of construction activities.
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222 Ceontnuous Mondtoring to Fvaluate Internal Mechandcal Integnty

CES proposes continuous monitoring of temperature and pressure via gauges at three locations within the injection well:
(1) at the surface, (2) in the tubing at the packer, and (3) from the surface to the tubing packer, via distributed
temperature sensing (DTS) fiber. The continuous monitoring program is summarized in Table 2 of Attachment C, as
excerpted below.

Monitoring Injection Rate and Pressure: injection rate and pressure will be monitored via the electronic
temperature/pressures gauges connected to the distributive control system (DCS). The DCS will ensure that maximum
pressure of 2,026 psi at the surface and of 5,677 psi at the bottom hole are not reached.

Monitoring Annular Pressure: the annulus will be filled with brine during injection operations. During injection, the
surface injection pressure should always be at least 1,142 psi, as noted on page 14 of Attachment C. During shutdown,
the surface annulus pressure must maintain the 100 psi difference between the annulus and the casing. The proposed
annulus monitoring system, composed of the continuous pressure gauge, the head tank, two sets of pressure regulators,

and a flood level indicator, will maintain an annulus pressure between 1,100 and 1,200 psi (sce page 14 of Attachment
C).

Table 2: Sampling devices, locations, and frequencies for continuous monitoring.

Parameter Device(s) Location Min. Sampling Min. Recording
Frequency Frequency
Injection pressure Surface 10 seconds 5 minutes 3y
Injection pressure ) ) 10 seconds 5 minutes 3y
Reservorr - Proximate
to packer
Injection rate Surface 10 seconds 5 minutes (3)
Injection volume Surface 10 seconds 5 minutes (3)
Annular pressure Surface 10 seconds 5 minutes 3y
CO2 stream temperature Surface 10 seconds 5 minutes (3)
Temperature Reservoir - Proximate |10 seconds 5 minutes (3)
to packer
Temperature/Acoustic DTS/DAS Along wellbore to 10 seconds 1 hour
packer
Ammulus fluid volume Surface 4 hour 24 hour

It appears that the annulus pressure of 2,126 psig proposed in the Table of Injection Well Operating Conditions, in
Attachment A is higher than the range of pressures, of 1,100 psi to 1,200 psi, to be maintained in the annual pressure
monitoring system described in the Testing and Monitoring Plan (see bottom of page 14 of Attachment C).

huestions/Reguests foy CES:

o Flease describe move explicitly the Iocation/depth of the

ressprefemperature gauges af the packer.

EPA Evaluation of Response: The schematic in Figure 5-1 shows the locations of temperature, acoustic, and pressure
gauges at the depths of the USDW, above the confining zone, and in the Panoche {consistent with the Testing and
Monitormg Plan). This responss 18 acceptable.
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e}

EPA Evaluation of Response: This response 1s accepiable.

Considerarions based en the resedts of Pro-Operavional Testing Madeling Updates:

P SR F N g O FEATIITAITIIOY STy & FEE frri mypn
JOr CORERUOUS HIOWIOVING GRGIRG armiuy e

¢ derermination offinal permit conditions.

3

EPA Evaluation of Response: This regponse is accepiable at this time,

2253 External MITs

As described in the pre-operation testing plan in Sections 4 and 5 of Attachment G, in addition to deviation
checks to be conducted during well construction, CES proposes to perform MITs in both the injection well and
the deep monitoring wells (ACZ_1 And OBS 1, which are described in the section on Groundwater Quality
Monitoring below), in compliance with the regulatory requirements as summarized in Tables 5 and 6 of
Attachment G, excerpted below.

Summary of the Mendota INJ 1 MITs and pressure fall-off tests to be performed prior to injection (Table
Sof Attachment G)

40 CFR 146.89(a)(1) MIT - Internal Pressure test Prior to operation
40 CFR 146.87(a)(4) MIT - External Pressure test Prior to operation
Casing mspection Ultrasonic
40 CFR 146.87(a)(4) MIT - External and CBL Prior to operation
40 CFR 146.87(e)(1) Testing prior to operating Pressure fall-off test Prior to operation
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MITs to be performed on the deep monitoring well(s), MendotaOBS 1 and Mendota ACZ 1

(Table 6 of Attachment G)

Rule Description

Test Description

Program Period

MIT - Internal

Pressure test

Prior to operation

MIT - External

Pressure test

Prior to operation

MIT - External

Casing mspection, EMIT,

MFL, Ultrasonic and CBL

Prior to operation

Testing prior to operating

Pressure fall-off test

Prior to operation

During mjection operations, CES proposes conducting at least one of four MITs to confirm external mechanical
mtegrity as summarized in Attachment C, Table 8, which is excerpted below. (Note that, per 40 CFR 146.89(c),
at least one of the MITs must be an approved tracer survey such as an oxygen- activation log or a temperature

or noisc log, unless an alternate test is approved by the EPA Administrator.)

&

EPA Evaluation of Response: This response 1s acceptable.

Table 8: Mechanical integrity testing (MIT).

Test Description

Location

Temperature Log / Survey

\Along wellbore using Distributed Temperature Sensing (DTS) or
conventional wireline well log

Oxygen Activation Log

Wireline Well Log

Pulsed Neutron Logging

Wireline Well Log

|Acoustic (or Noise) Log/Survey coupled with
Temperature Log/Survey

\Along wellbore using Distributed Acoustic Sensing (DAS);
DAS equivalent or conventional wireline well log

Oxygen activation logging, temperature logging, or acoustic (or noise) logging procedures are described in
Attachment C, Section 7.2.1.3 (oxygen activation), Section 7.2.1.1 (temperature), and Sections 7.2.1.5 and
7.2.1.6 (noise). In Section 7.2.1.4, CES proposes testing using pulsed neutron logging.

CES proposes performing these tests annually, which is consistent with the Class VI requirements. The proposed
pulsed neutron logging would occur, as described on page 23 of Attachment C, on a quarterly basis for 18 months
after authorization, and then annually.

Puestions/Requests for CES:

I
® £

de
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EPA Evaluation of Responses: The responses in this section are accepiable.
2.3 Pressure Fall-Off Testing

CES described nearly identical PFOT procedures in the Testing and Monitoring Plan and in the Construction
Plan (Attachment G). See the construction and plugging evaluation report for the results of our review of the
PFOT procedures. At the conclusion of the reviews, the Testing and Monitoring Plan will need to be revised to
address any issues identified.

Ouestions/Beguests for CES:

an quotes the Class VI Rule reguiremaent that o PFOT be performed at
os (under “Tumang of Faliof! Tests and Report Sobovssion ™) that falloft

arify the planmed fregueney of PFOTe during the tnsction

rery 5 vears. It also st
tests must be conductsd annw

EPA Evaluation of Response: The response is acceptable.

2.4 Groundwater Quality Momtoring

CES plans to monitor groundwater quality above the confining zone using direct and indirect methods. Direct

Groundwater Quality Monitoring

CES plans to perform direct groundwater quality monitoring via four (4) shallow groundwater monitoring wells
(GW1, GW2, GW3, and GW4), a USDW monitoring well (USDW1), and an above confining zone monitoring
well (ACZ1).
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The approximate locations of the momtoring wells are shown on the map on the left in the figure below (from
Figure 1 of Attachment C). The locations are preliminary and are expected to be refined as the project develops.

o GWI1,GW2, GW3, and GW4 are shallow groundwater monitoring wells used to monitor the
quaternary/shallow aquifers around the site that are sources of drinking water. CES plans to sample in
one mterval. The precise depths of these groundwater monitoring wells will be determined when the
groundwater characteristics of the site are better understood, but they are expected to be somewhere
between 50 and 500 fect deep.

*  Mendota USDW 1 will be used to sample from the Santa Margarita or the base of the USDW, and it
will be located within 1,000 feet of the mjection well.

The ACZ1 monitoring well will be completed in the Garzas Formation or the first permeable sandstone above the
Moreno Shale (confining zone). The well will be in the up-dip direction of the Moreno Formation, or in the event
a potential fault is identified on the 3D seismic within the AoR CES states that “the well will be in the direction
of the fault intersection of the Moreno formation.”

e In addition, the Mendota OBS 1 monitoring well will be completed in the Panoche Sand and will be
used to monitor plume migration. Sce “CO2 Plume Monitoring,” below.

Location of monitoring wells Delineated AoR

The map of monitoring well locations can be compared to the expected extent of the plume after 20 years, as
shown on the map to the right of the figure above (from Figure 12 of Attachment B). While the scales of the
maps in the plans are different, they have the same legend and it appears that the monitoring wells will be located
within the defined AoR and in the anticipated direction of plume and pressure front movement. The suitability of
these proposed locations will be refined as the AoR modeling evaluation proceeds.

CES indicates that the precise locations of the wells will be determined in future phases of the project (it is
unclear what this means relative to construction of the injection well and pre- operational testing). However, the
location and construction of the wells will need to be approved prior to issuing a Class VI permit. This is
typically included with the permit to construct the injection well; if this is not possible, the permit will need to
mclude conditions such that authorization to inject cannot be given until a separate review of the monitoring well
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locations and their construction is performed. CES should note that the Central Valley Water Board indicated
that any newly drilled monitoring wells must be approved by the Water Board and, while existing wells would
not need to be approved, the Water Board expressed interest in any plans to use existing wells as monitoring
wells.

Groundwater quality monitoring above the confining zone will include baseline monitoring and monitoring
during the injection and post-injection phases of the project:

. Baseline fluid sampling at the shallow monitoring wells (GW1, GW2, GW3, and GW4) and
USDW 1 will occur quarterly for at least one year prior to injection.

. Baseline fluid sampling at Mendota ACZ 1 will occur during well construction and once prior to
injection.
. Injection phase groundwater quality sampling and monitoring will be performed quarterly in

GW1, GW2, GW3, GW4, and USDW 1 and annually in ACZ 1

. During the post-injection phase, monitoring in GW1, GW2, GW3, GW4, and USDW 1 will be
quarterly for 3 to 5 years post-injection and then annually afterwards. Monitoring in ACZ 1 will
be annual for years 1 through 3, then in years 5, 7, and 10 after injection ceases.

Table 6 shows the planned monitoring methods, locations, and frequencies for groundwater quality and
geochemical monitoring above the confining

Table 7 of the Testing and Monitoring Plan (replicated below) identifies the analytical and field parameters for
groundwater sampling above the confining zone. CES proposes to analyze for the same parameters in Table 2 of
the PISC and Site Closure Plan. Groundwater quality analytical methods are all EPA-approved Methods and are
addressed in the QASP.

The parameters appear to be appropriate for groundwater quality monitoring needs for GS projects, and are
consistent with other Class VI monitoring programs. It is recommended that CES add zinc to the groundwater
quality monitoring parameters to complement the monitoring of other commonly occurring heavy metals (Cu,
Pb, Cr, Co). Note that, as additional information is gathered based on the reviews of other parts of the permit
application or pre-operational data collection, recommendations or requirements for additional analytical
parameters may be provided.
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Quaternarv / Shallow strata sources of drinking water

(Cations: 1CP-MS,

IAL, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, 7x, and Tl IEPA Method 6020
(Cations: ICP-OES,

Ca, Fe, X, Mg. Na, and Si IEPA Method 6010B

|Anions:
[Br. CL F, NO3, and S04

Ton Chromatography,
IEPA Method 300.0'

[Dissolved CO2

(Coulometric titration,

IASTM D513-11

Total Dissolved Solids

Gravimetry; Method 2540 C [11

|Alkalinity

Method 2320 B m

H (field)

IEPA 150.1

Specific conductance (field)

iMethod 2510-B [11

Temperature (field) Thermocouple
Santa Margarita or base of USDW

Cations: ICP-MS,

|AL, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, #i, and Tl IEPA Method 6020
(Cations: ICP-OES,

Ca, Fe, X, Mg, Na, and Si IEPA Method 6010B
|Anions: Ion Chromatography,
[Br, CL, F, NO3, and SO4 [EPA Method 300.0°

[Dissolved CO2

(Coulometric titration,

IASTM D513-11

Isotopes: 5"C of DIC

Isotope ratio mass spectrometry

Total Dissolved Solids Gravimetry; Method 2540 C [11
|Alkalinity [Method 2320 B [11
H (field) [EPA 150.1

[Specific conductance (field)

(Method 2510-B {11

Temperature (field) Thermocouple
Garzas

(Cations: TICP-MS,

IAL, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb Se, 7x, and Tl IEPA Method 6020
(Cations: ICP-OES,

Ca, Fe, K, Mg, Na, and Si IEPA Method 6010B
|Anions: Jon Chromatography,
[Br, CL, F, NO3, and S04 [EPA Method 300.0'

[Dissolved CO2

(Coulometric titration,

IASTM D513-11

Isotopes: 5C of DIC

Isotope ratio mass spectrometry

Total Dissolved Solids

Gravimetry; Method 2540 C [11

Alkalinity Method 2320 B [11
H (field) FPA 150.1

Specific conductance (field) Method 2510-B [11

Temperature (field) Thermocouple

Note 1: ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectrometry; GC-P = gas
chromatography - pyrolysis. An equivalent method may be employed with the prior approval of the UIC Program Director.

2.5 Indirect Groundwater Quality Momitoring

Indirect groundwater quality monitoring activities above the confining zone will include DAS (distributed
temperature/acoustic) monitoring and pulsed neutron monitoring in ACZ 1, OBS 1, and INJ 1 (the injection
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well). Following a baseline log, DAS monitoring will be continuous throughout injection phase and during the
first three years of post-injection phase monitoring,.

{huestions/Regresss for CES:

H

N £33 ihe {ihe w 5 iy 3 e fhe
Fi ihe focasion of the moniforing welly ai g scale that wise shows th

-y .
CUSE PrOVIGE G MG thass

fent of the plume and pressure frong fle,

e {0 of Avachment H and Figure § of [‘zmm’?;@zem

EPA Evaluation of Response: The map has been provided as described. It is understood that
the monttoring well locations are prelimunary, and the final Jocations will depend on the final
site characierization data, updated modeling, and findings about the transmissive nature of any
faults based on 3D seismic surveys. The final locations of the wells will be evaluated based on
this mformation.

Follow-up Question/Request for CES:
¢ EPA requests that Figure 4-1 be inchaded in the updated Toesting and Monitoring Plan to enhance
clartty.

e Figure 4-1 will be included 1n the updated Testing and Monitoring Plan.

wdable ¢ indicates vhat guarterly monitoring in the shallow wells and USDW T will ocour in years |

&

v e PERROSE s/f;*

and 2 of the z‘z'gg': ion phoase. Please also s p»‘g;' v of which groundweaier

o

S22 o I Lo N < P - 2
sampling will be performed i the remaining years of the e 1w p,ffz(g.xe.

EPA Evaluation of Response: The wable has been provided as deseribed. The response 1s
acceptable.

3

oo quarierly moniioring in ACZ

in fuble 6 faf feasi

2

2F i
wx ofészisscsfiws} sinoe this is g porous formation right above the confining sone «
2 ia

whie & aorovdi

EPA Evaluation of Response: The table has been provided as desoribed. The response is
acceptable.

s Pleave remove D48 gnd pulsed seutron moniforing from Table 8, as these are not groundwaier

;?v;mzifoi"iszg fechniguey,

EPA Evaluation of Response: The table has been edited as described. The vesponse 1s acceptable.

5% Ry fr 7 A Eiamment th
o FPleaye add zine o the groundwater quality moniforing pavametery in Toable 7 fo complemeny the

smonitoring of other commondy sccwrring heavy meialy (Cu, Ph O, Col
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EPA Evaluation of Response: The table has boen edited as described. The response is acceptable

i

33 i §i o 3 21 eF fraen v 3s ey L8y Tes oot 3 ST By 5 R E T
® Flegse ana VEE the 70 of the fr?‘CLf e and fnchede 7 amonyg the infeciaie IRy pavameiers.
g (s U S

EPA Evaluation of Response: The updated Table I (injectate analysis) is not included in the
response; EPA will confirm the addition of d8C 1o the table when the updated Testing and
Momitoring Plan 1s submitied. The response 1s otherwise acceptable.

o HP4 yisd fuding water densiyy in the AL momitoring parameters o allony comparisens
af wader <;.,1“;’:! monitoring pavameters ghove and below the (<;§,‘fs;f’; rone and 0 support

)
Jor caloudation of the ©

pIs

nadersionding of fhid densisy in the US

EPA Evaluation of Response: See the follow-up request below.

Follow-up Question/Request for CES:

« Table 4-2 of Appendix A relates to monitoring activities and locations and does not appear to
include water density. EPA roquests that water density be added 1o Table 7 of the Testing and
Maonitoring Plan.

#  Table 4-2 refers to the sehedule for monttoring activities. Water density will be added to Table 7 in the
Testing and Monitoring plan,

s g 'zid;s;f mzi:z coffection e, seismic and water guality
5 : nation of monitoring welf _;{?fﬁsfé’:‘;?é’i‘i! and
gigmiﬁ £ 8 not clear é’vm of on fhe ew,:,g andd ’S/jw;;w ,;,gj'!(m fow (ES proposes 1o collect the
data to inform proposed wmoniioving well placement,
.
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o amdd Monitoring Plan, on poage 17 states they (o mest the requivements ar 30 CFR

CES will also moniror 93"0r,:;«zzf‘-fmiw‘ guality in the fivst USDWs smmediately

%

above azzd below the mjoction zone(s). The requirement fo monttor USDIWs below the inga

=one only applies to projecis operating undu ijection depth walve
vroicet. Please odit the sentonce aecordingly.

s and does et apply o

EPA Evaluation of Response: The response 1s acceptable.

o Fable § of the Festing and Monitoring Plaw indicates thai fluid sampling will be performed i

S fmm ver, Tubde 7 does wot include Panoche sampling for water (;s wdigy desdl

C;: Plegse

clarify whether the sampling proposed (o be perforn ::z’m B8 7y for the purpose
groundwaler guality monitoring or plume fracking, and f;/;sf(rfeum; i aﬂfe f’) ar fal :‘0 7

EPA Evaluation of Response: Sce the follow-up question below.
Foliow-up Question/Request for CES:

« [t iz unclear how the activities listed in the bottom half of Table 4-2 in Appendix A demonstrate well integrity
{i.e., per 40 CFR 146.89). Should this refer to plume tracking?
= AN and pulsed neutron are reservoir characterization tools that will aid in well integrity and plume
tracking through £072 leakage. The title of Table 422 will be updated to state both well integrity and plume
fracking monitoring fechnelogiss.

s The spreadshest of proposed fesiing and moniforing gonivities submitied with the applicasion

indficatey that continuous ,,3‘4 S maniioring will f‘fe g%’i"id»’f”v?uf in ENF I however, this s not
H i ;.

ncfuded in Fable & of the Testing and Monitoring Plan. Please

PEBARLY.
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EPA Evaluation of Response: Sce the follow-up request below.
Foliow-up Question/Request for CES:

s EPA requests that Table 6 include DAS monitoring for completeness, even if the frequensy of
monttoring may need to be tmed with shut in of the myection well

e DAS monitoring will be added to Table 6.

@ Flease SPredt :7/;

the proposed so sons $345

MORITOrR 24 s/?:f“ll’}(ﬁ e U’E G

el f’mse fi.e., include 533‘53?}%(553@;3

¥ii

and Site Closure Plan in the Testing and Monftoring Plan).

£y

EPA Evaluation of Response: Sce the follow-up question below.
Follow-up Question/Request for CES:

«  CES indicated in the previous response that DAS monittoring only makes sense during shui- n
periods. It is assumed, therefore, that the frequencies in this response would apply during shut-
in times, when CES proposes 1o do the DAS monitoring. Is this correct?

¢ This is corract.

Considerarions based en the resedts of Pro-Operavional Testing Madeling Updates:

L3

o Jfnew fnformation or wpdates o the geochemica! modeling bused om pre-operationad jesting ruises
}

£ 2

aau‘e’ezmw concerns aboud subsurfoce geachemical procexzes fe g, posential changes in sulsurface

praperiics or potesticl costaminant mobifization), ihe list of greamdwater guality analviica!
I rocd 1o fse vevisited 1o make sure that ofl velevant paramerery are vepresented. In

P £ 109 i b fufeas ovf Fhe oediede dwn £ Ferd e vy
< £ zi'gj“;;@;bzu,bmz o the miney ﬁi"mi and w;’fneu--?mé chemisiry of the sofids in the injeciion
- § s S e Sy e i S Fon £y ed v £ O s LIy Y Sy e
zone gnd upper confining ¢ comparison will help finulize she groundwater chemistry
anaivie fist.

s {FENp ﬂmg”e\é fernative posi-tnjection site core fme frome and nores i the PISC and
Site Closure sasd L3 et she post injection site cave plan will be finglized based on the

"a»\

N P ’ §n iy {oipe ¥ oami iy
resulis of 4-@;’{ sodeling performed using the data o be collecied

gfter pre- apergifonal te HT St
£

somplete. ) based on the a;pi sed modd& g, s tmeframe i nsuificient, the posi-injection
groundwator moions
gar 10 post-inioont

Haeed 1o be rovised acoordimgly (o, 1o desenbe monttoring afler

= o
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®

FEVIEW FEROFT.

o Fhe locaiion of A0 will depend on the

the transmivsive noture of any foults based on 35 selsmic,

Tl site characierization evaluation and fndines abod
fingd sife chargoierization evgivaiion an ”?;,};s/n.f?g;;,} [ELaTRIES:

EPA Evaluation of Responses: The responses sbove are acceptable.

2.6 CO2Plume and Pressure Front Tracking

CES described plans for CO:plume and pressure front tracking that include (1) the use of direct methods for
tracking the pressure front within the injection zone [40 CFR 146.90(g)(1)] and (2) direct measurements at OBS
1 and indirect geophysical techniques to track the extent of the CO:plume [40 CFR 146.90(g)(2)].

260 OO0 Plome Monitoring

CES proposes direct monitoring of the extent of the CO2 plume will be accomplished by fluid sampling in the
Second Panoche Sand in the Mendota OBS 1 well to the northeast of the injection well to help confirm
predictions of CO.plume movement. The precise location of this well will be based on where the AoR
delineation model predicts detectable pressure change within 6 months and CO: saturation of 10 to 20% within
approximately one year.

Baseline sampling to monitor the CO:plume will be performed during well construction and then once prior to
injection. The monitoring frequency during the injection phase will be annual; and during the post-injection
phase, monitoring will be annual during vears 1 through 3 and in years 5, 7, and 10. However, if CES anticipates
CO:saturations of 10-20% at OBS 1 within the first year of injection, it would be appropriate to sample more
frequently in the first one or two years in case the predictions are an underestimate or overestimate. The
analytical parameters are the same as those planned for groundwater quality monitoring above the confining
zone, with the additional parameter of water density.

Proposed indirect CO2 plume monitoring activities include pulsed neutron monitoring, a 3D surface seismic
survey or a combination of borehole and surface seismic, and time-lapse vertical seismic profile (VSP) survey:
¢ Pulsed neutron logging within the Panoche Sands will be performed in OBS 1 and the injection well
(Mendota INJ 1) to monitor the formation CO.. Following a baseline log in each well, pulsed neutron
logging during the injection phase will be quarterly through year 1.5, then annually afterwards; post-
mjection phase logging will be performed in years 1, 3, 5, 7, and 10.

= Time-lapse VSP surveys will be performed at Mendota OBS 1 to monitor the migration of the plume
over an area of about 100 to 2,000 acres. The surveys will be performed during well construction to
establish a baseline, and during years 2, 3, and 4 of the injection phase. There will be no VSP
monitoring during the post-injection phase.

2 Surface 3D seismic surveys will be performed prior to construction to establish a baseline and in year 3
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of the injection phase. Post-injection phase 3D seismic surveys will be performed during years 1, 5, and
10 after njection ceases.

The Testing and Monitoring Plan is unclear as to whether time-lapse VSP surveys or 3D surface seismic surveys
(or both) are planned. This decision will need to be made prior to issuing the Class VI permit (or at least prior to
authorization to inject). If CES only plans to perform time-lapse VSP, this monitoring activity will need to
extend into the post-injection phase, and the imaging will need to encompass an area on the larger end of the
range CES identifies in order to encompass the entire 2.2 square mile AoR.

262  Pressure Front Monitoring

Proposed direct pressure front monitoring activities include continuous pressure/temperature (P/T) monitoring
and distributed temperature sensing (DTS). This monitoring will target the First, Second, and Third Panoche
Sands at Mendota OBS 1 and the injection interval at the Mendota INJ 1 injection well. Following baseline
measurements, continuous direct pressure front monitoring will occur throughout the injection phase and in
Years 1-3 of the post-injection phase. After year 3 post-injection, annual P/T measurements will be taken (with
no additional DTS).

Proposed additional pressure front monitoring will be accomplished via continuous passive seismic

monitoring to detect seismic events over M1.0 within the AoR. The application states that there will be
multiple target locations at a combination of borehole and seismic stations within the AoR but does not
identify the specific locations.

Ouestions Reguests for CES:

b B 43 dan Tt et thherd Erered oresmairver fosee £ n v by svan s cesied svpeer s s fisd foeyerbrver i 88 g o g el
s Fable Gindicetes that fluid sampling for OO plume and pressure promi tracking will be performed

in QHN] What pavameters does CES propose o analvze?

EPA Evaluation of Response: This clarification addresses the question. The response is acceptable.

o BP4will requive thet divecy OO momitoring in QHY 1 be performed move frequently than annually

fox iy Funifreed e e evd Fumtoritess £ fprens sreds s TN vy Pt aes et Foard s it ez e it €0 Y vl s s
irs the imitiad years of injection e, through veur 20 i validaie modeled predicrions of C0h plume

IOVEmen:.

EPA Evaluation of Response: The answer is not clear with respect to what happens at the 2-year mark.
Follow-up Question/Request for CES:

+  Regarding the CO» monttoring frequency i OBS1, does shifing to annual sampling after the first 1.5 vears
of injection mean that the next sampling event after vear 1.5 will be at 2.5 vears? If' s0, then the required
quarterly monttoring frequency does not extend through yvear 2 (1o, sarmphng would not be performed in the
final 2 quarters of the second vear of injection). Please revise the Testing and Monitoring Plan to indicate
that COr monitoring i OBST will occur 3,6, 9, 12, 15, 18, 21, and 24 months after commencement of
myection, then annually thereafier,

& Changed to quarterly monzoring for vears 9 1o 2 and amually from yeurs 2 forward.
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2 remove them from the feviing and
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EPA Evaluation of Response: The response clarifies that although spinner surveys are not direct measurements of
pressure or COr saturation, they support overall momionng of project performance and improved maodsl

calibration.
o fubie 9 indicater that VEP in OR8 [ will be povformed in Years 2, 3, and 4 of the injection phase.

P4 m:":’f vequive fhat addisionad V8P be pes jmwed i the foter vears of the injection phase jo provide

additional data poins for the non-endangerment demonsiration.

E

EPA Evaluation of Response: The response is acceptable. EPA requests that this be included in the updated Testing
and Monitoring Plan,

#  Thig will be added fo the Testing and Momiloring Plan.

H 2

seivamic will work w

sgether (o provide plume tracking
sch method), In a,é-';‘.lff{!}‘, §

£ i’ﬂ‘?“ indn qoound and Jlreng tifs 4’)}‘
3

imporiant that each 1 gtent freque m/\y i f"eimg;m;;,:; dhe dnfection and
post-infection phases 1o wllow data compurisans fo support the non-endangerment

demonsiration,

EPA Evaluation of Response: The response i1s acceptable. EPA requests that this be included in the updated Testing
and Montoring Plan,

o This will be added o the Tesling and Monitoring Plan,
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o Wh is the planned resolusion and extent of the 383 sgismic survevs?

EPA Evaluation of Response: The response is acceptable. EPA requests that this be included in the updated Testing
and Montoring Plan,

® Hiwc are sumerous inconsistencies betwesn the fubles in Attachmenis O and ¥ and the

o,
o

2

1 the freguencies af which various
wined) Plegse revise the spreadshest ov the

EPA Evaluation of Response: The response 13 acceptable. EPA will confirm the revisions when the updated Testing
and Monitoring Plan and PISC and Site Closure Plan are subnmited.

ber and

o Flease desoribe the proposad pas
Hons) Ave any s

?.3‘31,}3‘?2551}?”253?,” stations nearby thas will inform seismic monitoring of

& B G}

Ve SQIRIMIC MOnHoring sefwork (i, the

zwc*nmka’ (c ., LISGS) seizmic

focation of moniioris

2

o gofivities indicates thay comtimuony 278 moniforing will be
i trst 3 vears of the post-injection 51
sed Sive Clovure Plase Please clari

P

nefranie, f’?ff; this s ot i
diserepancy.

EPA Evaluation of Response: It is assumed this response refors to Table 6. EPA will
confirm the revision when the updated PISC and Site Closure Plan is submitied.

? s Py PR &g 5y FY, § ¥ 217 oy oy
o Plegse alvo explain why additiona! DS monitoring is nof proposed bevond year 3 poss
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EPA Evaluation of Response: The response 18 aceeptable. EPA will confirm the revisions when the
updated Testing and Monrtoring Plan is submitted.

Considerations based on the results of Pre-Operationad TestingModeling Updutes:

sie the adegquocy of s;;;wpf..f;v

i e pre --G}?é‘?i'

j}"ame will be conducted

i R - 3, )
based on the H;M’@ { modeling, the poss

accordingdy.

wiil need io be vevived

EPA Evaluation of Response: The response is acceptable.

2y
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i te the predicied position of the U0 pdume and 'f:fem;»r;"{%jmi;fi
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SRR e Choss seciions.

¢ Aden 1y described us sargeting the Second Panoche Sand) § ,f he Fourth

o} ix sefecied, this moniioring well should penerrare and be

seveened (v that sand. Likewise, presyurefempersiyre moniforing in that zone would be
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fmay nesd o be updated when

s festing and monitoring aciivitdes fe.p.,

EPA Evaluation of Response: The response 1s acceptable.

2.7 An/Soil or Other Testing and Monitoring

Based on the currently available information about the geologic setting (i.¢., the depth of the injection formations
and the lack of evidence for the presence of transmissive faults or fractures), surface air and/or soil gas monitoring
are not needed to detect movement of fluid that could endanger USDWs within the AoR.

Considerations based an the vesults of Pro-Operspional Testing Modeling Updates:

o { based on the resulis of plasned pre-operationgd testing, wnceriainties ahoui the geologic setting are

identified, the need for air audior sofl gas monitoring or other monlioring will be reconsidered

EPA Evaluation of Response: The response is accoptable.

2.8 Quality Assurance Procedures

EPA evaluated the Quality Assurance Surveillance Plan (QASP) submitted with the permit application to verify that
all of the testing activities, analytes, etc., included in the QASP are consistent with planned injection and post-
mjection phase testing and monitoring. The QASP described sampling methods; sample handling and custody;
analytical methods; quality control; instrument/equipment testing, mspection, and maintenance; data management,
e.g., recordkeeping and tracking practices; and data review, verification, and validation procedures.

Most monitoring activities listed in Attachment C: Testing and Monitoring Plan were addressed in the QASP. The
exceptions are two MITs: temperature logging and oxygen activation (OA) logging. The procedures for these MITs
should be described in the QASP as they are not sufficiently detailed and described in the Testing & Monitoring
Plan.

All of the monitoring activities listed in Attachment E: Post-Injection Site Care and Site Closure Plan were
addressed in the QASP.

Cuestinns/Reguests Jor (ES:

®

; s, please revise the QASE fo include the details of the tempevature and oxyees
“1".,})i"e;cssﬁszs’&' o demonsivaie externad Mi dn

s:fuﬁmg specific calibration proc
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EPA Evaluation of Response: The response is acceptable. EPA will review the procedures when the updated
QASP 15 submitied.
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APPENDIX A: WELL SCHEMATICS
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APPENDIX B:

UPADATED EMERGENCY AND REMEDIAL RESPONSE PLAN
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Plan revision number: 1.2
Plan revision date: March 4, 2021

ATTACHMENT F: EMERGENCY AND REMEDIAL RESPONSE

PLAN 40 CFR 146.94(a)
CLEAN ENERGY SYSTEMS MENDOTA

1. Facility Information

Facility name: CLEAN ENERGY SYSTEMS MENDOTA
MENDOTA INJ 1

Facility contact: Rebecca Hollis
400 Guillen Pkwy, Mendota, CA 93640
Office: 916-638-7967
Well location: MENDOTA, FRESNO COUNTY CA
LAT/LONG COORDINATES (36.75585015/-120.36440423)

This Emergency and Remedial Response Plan (ERRP) describes actions that Clean Energy
Systems shall take to address movement of the injection fluid or formation fluid in a manner that
may endanger an underground source of drinking water (USDW) during the construction,
operation, or post-injection site care periods.

If Clean Energy Systems obtains evidence that the injected CO» stream and/or associated
pressure front may cause an endangerment to a USDW, Clean Energy Systems must perform the
following actions:

1. Initiate shutdown plan for the injection well.
2. Take all steps reasonably necessary to identify and characterize any release.

3. Notify the permitting agency (UIC Program Director) of the emergency event within 24
hours.

4. Implement applicable portions of the approved ERRP.

Where the phrase “initiate shutdown plan” is used, the following protocol will be employed:
Clean Energy Systems will immediately cease injection. However, in some circumstances, Clean
Energy Systems will, in consultation with the UIC Program Director, determine whether gradual
cessation of injection (using the parameters set forth in Attachment A of the Class VI permit) is
appropriate.

This attachment 1s one of the several documents listed below that was prepared by Schlumberger
and delivered to Clean Energy Systems. These documents were prepared to support the Clean
Energy Systems preconstruction application to the EPA.

(Schlumberger, Attachment A: Summary of Requirements Class VI Operating, 2020)
(Schlumberger, Attachment B: Area of Review and Corrective Action Plan, 2020)
(Schlumberger, Attachment C: Testing and Monitoring Plan, 2020)

(Schlumberger, Attachment D: Injection Well Plugging Plan, 2020)

Emergency and Remedial Response Plan for Clean Energy SystemsMendota
Permit Number: Not yet assigned Page 1 of 23

Schlumberger-Private

ED_006132B_00000814-00133



Plan revision number: 1.2
Plan revision date: March 4, 2021

e (Schlumberger, Attachment E: Post-Injection Site Care and Site Closure Plan, 2020)

e (Schlumberger, Attachment F: Emergency and Remedial Response Plan, 2020)

e (Schlumberger, Attachment G: Construction Details Clean Energy Systems Mendota,
2020)

e (Schlumberger, Attachment H: Financial Assurance Demonstration, 2020)

e (Schlumberger, Class VI Permit Application Narrative, 2020)

e (Schlumberger Quality Assurance and Surveillance Plan, 2020)

Emergency and Remedial Response Plan for Clean Energy SystemsMendota
Permit Number: Not yet assigned Page 2 of 23
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1.1 Acronyms and Abbreviations

*: Denotes a Mark of Schlumberger
AoR: Area of review

BFS: Base of fresh water

BGS: Below ground surface

CCS: Carbon capture and storage
CEMA: California Emergency Management Agency
CES: Clean Energy Systems

CNE: Carbon negative energy
DFN: Discrete fracture network
DST: Drillstem test

DT: Compressional slowness

DTS: Distributed temperature sensing

Emergency and Remedial Response Plan for Clean Energy SystemsMendota
Permit Number.: Not yet assigned Page 3 of 23
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EPA: Environmental Protection Agency
FMI: Formation microimager

GRFS: Gaussian random function simulation
GR: Gamma ray

GS: Geological sequestration

KH: Permeability thickness

KINT: Permeability

Mendota INJ 1: Proposed CO» injection well
MIT: Mechanical integrity test

MWD: Measurement while drilling

NPHI: Neutron porosity

PISC: Post-injection site care

PHIT: Total porosity

PIGE: Effective porosity

RHOB: Bulk density

Rwa: Formation water resistivity

SGR: Shale gouge ratio

Shmax: maximum horizontal stress

Shmin: minimum horizontal stress

SP: Spontaneous potential

USDW: Underground sources of drinking water

VCL: Volume clay
VSP: Vertical seismic profile
Vp/Vs: Compressional to shear velocity ratio

XRD: X-ray diffraction analysis

Emergency and Remedial Response Plan for Clean Energy SystemsMendota

Permit Number.: Not yet assigned
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Disclaimer

Any interpretation, research, analysis, data, results, estimates, or recommendation furnished with the
services or otherwise communicated by Schiumberger to Clean Energy Systems at any time in
connection with the services are opinions based on inferences from measurements, empirical
relationships and/or assumptions, which inferences, empirical relationships and/or assumptions are not
infallible, and with respect to which professionals in the industry may differ. Accordingly, Schlumberger
cannot and does not warrant the accuracy, correctness or completeness of any such interpretation,
research, analysis, data, results, estimates or recommendation. Clean Energy Systems acknowledges
that it is accepting the services "as is", that Schlumberger makes no representation or warranty, express
or implied, of any kind or description in respect thereto. Specifically, Clean Energy Systems
acknowledges that Schlumberger does not warrant that any interpretation, research, analysis, data,
results, estimates, or recommendation is fit for a particular purpose, including but not limited to
compliance with any government request or regulatory requirement. Clean Energy Systems further
acknowledges that such services are delivered with the explicit understanding and agreement that any
action taken based on the services received shall be at its own risk and responsibility and no claim shall
be made against Schlumberger as a consequence thereof.

To the extent permitted by applicable law, Clean Energy Systems shall not provide this report to any third
party in connection with raising finance or procuring investment (other than pursuant to an equity capital
raising on a public market) without a No Reliance Letter first being completed and signed by the third
party and provided to Schlumberger. The form of the No Reliance Letter being agreed to by both Clean
Energy Systems and Schlumberger. Subject to this requirement and upon full payment of applicable fees,
copyright ownership in this report shall vest with Clean Energy Systems. Schlumberger grants no title or
license or right to Clean Energy Systems to use Schlumberger's Intellectual Property except as necessary
for Clean Energy Systems to use the report.

Copyrights
Copyright © 2021, Schlumberger

All rights reserved.

Trademarks

All companies or product names mentioned in this document are used for identification purposes only and
may be trademarks of their respective owners. An asterisk (*) denotes a mark of Schlumberger.

Emergency and Remedial Response Plan for Clean Energy SystemsMendota
Permit Number.: Not yet assigned Page 5 of 23
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2. Local Resources and Infrastructure

Based upon EPA’s Technical Evaluation Comments and Information Request #2 for
Underground Injection Control (UIC) Permit Application Class VI Pre-Construction Permit
Application No. ROUIC-CA6-FY20-1 dated October 1, 2020, the yellow highlighted sections
have been incorporated as per EPA’s request.

Resources in the vicinity of the Clean Energy Systems Mendota that may be affected as a result
of an emergency event at the project site include:

e Underground sources of drinking water, or USDW’s and water wells within the AoR.
There are approximately 67 water supply wells, monitoring wells, water wells and
abandoned wells within the AoR (red polygon Figure 1). A map displaying the locations
of these wells can be found in the (CLASS VI PERMIT APPLICATION NARRATIVE
40 CFR 146.82(a) Clean Energy Systems Mendota, 2019). The locations of these wells as
shown on the mapwere slightly displaced because the wells were originally reported in a
legal land description format; therefore, the wells all plot in the middle of a section and
apper to line up in an organized grid pattern (California Department of Water Resources,
n.d.). In future phases of this project, accurate locations of these water wells will be
provided. The deepest USDW is the Santa Margarita formation at depth of
approximately 1,400 ft. The San Joaquin River flows north south and is 0.6 miles due
east of the site. The northern boundary of the Mendota Wildlife Area is 1.7 miles to the
south. Managed by the California Department of Fish and Wildlife. The Mendota
Wildlife Area is approximately 11,800 acres consisting of flatlands and floodplain.

Infrastructure in the vicinity of the Clean Energy Systems Mendota that that may be affected as a
result of an emergency at the project site include:

e The town of Mendota, CA is west of the site. Mendota is a town in Fresno County. The
population was 11,014 at the 2010 U.S. Census. It covers 3.3 square miles and has
approximately 2,750 households. The nearest residence to the site is 0.5 miles west and
outside the AoR. Mendota is located 8.5 miles south-southeast of Firebaugh, at an
elevation of 174 feet. Between the site and the town are several businesses, including
Gonzales Transport and airstrip (1,500°) west. There is also the King Kool cold storage
facility and Oro Loma Ranch/Ruby Fresh, a pomegranate marketing firm. Mendota High
School is 0.7 miles south-west. The North Star solar facility borders on the north of the
site and is a 61-megawatt facility is located on 626 acres.

Resources and infrastructure addressed in this plan are shown in Figure 1.
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Figure 1. Map of the site resources and infrastructure

3. Potential Risk Scenarios

The following events related to the Clean Energy Systems Mendota that could potentially result
in an emergency response:

e Over-pressurized fluid (blowout) during well construction;

e Injection or monitoring (verification) well integrity failure;
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e Injection well monitoring equipment fatlure (e.g., shut-off valve or pressure gauge, etc.);
e A natural disaster (e.g., earthquake, tornado, lightning strike);

e Fluid (e.g. brine) leakage to a USDW;

e (CO;leakage to USDW or to land surface; or

e Induced seismic event.

Response actions will depend on the severity of the event(s) triggering an emergency response.
“Emergency events” are categorized as shown in Table 1.

Table 1. Degrees of risk for emergency events.

Emergency Condition Definition

Major emergency Event poses immediate substantial risk to human health, resources, or
infrastructure. Emergency actions involving local authorities (evacuation or
isolation of areas) should be initiated.

Serious emergency Event poses potential serious (or significant) near term risk to human health,
resources, or infrastructure if conditions worsen or no response actions taken.

Minor emergency Event poses no immediate risk to human health, resources, or infrastructure.

4. Emergency Identification and Response Actions

Steps to identify and characterize the event will be dependent on the specific issue identified, and
the severity of the event. The potential risk scenarios identified in Part 2 are detailed below.

4.1 Over-pressurized fluid (blowout) during well construction

This event could occur during well drilling if a pocket of high-pressure gas or fluid is
encountered resulting in a sudden release:

e (Cease operations:
o Loss of well control due to inadequate barrier in place or human error.

o Drilling into an over-pressured formation or improper well control initiated during

maintenance or workover Process.

Severity: Catastophic
Timing of event: Pre-injection and injection.
Avoidance measures: Monitoring and training,

Detection metheds: Pressure monitoring, injection rate decreasing, and fluid leaks,

Emergency and Remedial Response Plan for Clean Energy SystemsMendota
Permit Number: Not yet assigned Page 8 of 23

Schlumberger-Private

ED_006132B_00000814-00140



Plan revision number: 1.2
Plan revision date: March 4, 2021

Potential response actions:

e Cease drilling operations: loss of drilling fluid due to lost circulation and/or drilling into
an over-pressured formation

e Close flow valve (blowout preventer) if pressures and flows permit, at a minimum vent to
a controlled area.

e Regain pressure control by restoring fluid levels in the wellbore with appropriate density
mud, restriction of flow through choke or both.

e For a Major or Serious emergency:

o Initiate well control procedures (see well plan).

o Alert local fire and police and UIC Program Director immediately.
e For a Minor emergency:

o Regain pressure control by restoring fluid levels in the wellbore with appropriate
density mud, restriction of flow through choke or both.

o Determine cause of event and initiate remediation procedures.
o Notify the UIC Program Director within 24 hours of the emergency event, per 40
CFR 146.91(c).
Response personnel: Site operator, well engineer, and project manager.

Eqguipment: Pressure control equipment, pumping equipment and rig.

4.2 Well Integrity Failure

Integrity loss of the injection well and/or verification well may endanger USDWs. Examples of
well integrity failure may include scenarios related to wellhead pressure, annulus pressure,
mechanical integrity, and failure of monitoring equipment. For further details please refer to
Risk Register scenario numbers 2a, 2b, and 2c.

Integrity loss may have occurred if the following events occur:

Scenarios:

1. Wellhead pressure exceeds the specified shutdown pressure specified in the permit.
2. Annulus pressure indicates a loss of external or internal well containment.

3. Mechanical integrity test results identify a loss of mechanical integrity.

e Limit access to wellhead to authorized personnel only.

s  Automatic shutdown devices are activated:
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O

O

Wellhead or downhole pressures exceeds the specified shutdown pressure
specified in the permit.

Annulus pressure and/or fluid volumes indicate a loss of external or internal well
containment.

Pursuant to 40 CFR 146.91(c)(3), Clean Energy Systems must notify the UIC
Program Director within 24 hours of any triggering of a shut-off system (i.e.,
down-hole or at the service).

e Mechanical integrity test results identify a loss of mechanical integrity.

Severity: Light, serious, or catastrophic.

Timing of event: Injection/monitoring.

Aveidance measures: Well mamtenance, injection within permitted limits, and monitoring.

Detection metheds: Pressure monitoring and mechanical integrity tests.

Potential response actions:

e Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR
146.91(c).

e Determine the severity of the event, based on the information available, within 24 hours
of notification.

e For a Major or Serious emergency (verified loss or increase of pressure or fluid volumes
and/or loss of mechanical integrity during testing and maintenance):

O

5
R

Initiate immediate shutdown plan.
Shut in well (close flow valve). After verifying pressures, with analog gauges, to
confirm no damage will occur to the well or USDW.

Monitor well pressure, temperature, and acoustics to verify integrity loss and
determine the cause and extent of failure; identify and implement appropriate
remedial actions to repair damage to the well (in consultation with the UIC
Program Director).

Vent fluids, if necessary, from wellhead in order to maintain acceptable pressures
at surface and downhole in order not to damage the wellhead or casing.
Communicate with CES personnel and local authorities to initiate evacuation
plans, as necessary.

If contamination is detected, identify and implement appropriate remedial actions
(in consultation with the UIC Program Director).

Conduct assessment to determine whether there has been a loss of mechanical
integrity.
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o ldentify and implement appropriate remedial actions to repair damage to the well
(in consultation with the UIC Program Director).

o [If there is damage to the wellhead, repair the damage and conduct a survey to
ensure wellhead leakage has ceased.

o Confirm well integrity prior to restarting injection (upon approval of the UIC
Program Director).

o Review downhole, wellhead, and annulus pressure data.

o Isolate the nearby area, if needed; establish a safe distance and perimeter using a
hand-held air-quality monitor.

o Perform a well log/MIT to detect CO2 movement outside of the casing.

e For a Minor emergency (downhole and surface sensor/monitoring equipment failure,
procedural maintenance error or plant issue) :

o Initiate immediate shutdown plan.

o Monitor well pressure, temperature, and acoustics to verify integrity loss and
determine the cause and extent of failure; use analog gauges to identify and
implement appropriate remedial actions to repair damage to the well (in
consultation with the UIC Program Director).

o If a shut off is triggered by mechanical or electrical malfunctions without
endangering a USDW, repair faulty components.

Review downhole, wellhead, and annulus pressure data.
Confirm well integrity prior to restarting injection (upon approval of the UIC
Program Director).

o If contamination is detected or well integrity has been determined to have
occurred, then situation becomes a Major or Serious emergency. Refer to Major
or Serious solutions above.

Response personnel: Site operator, well engineer, and project manager,

Equipment: Workover rig, wireling, shickime, and well control equipment.

4.3 Injection Well Monitoring Equipment Failure

The failure of monitoring equipment for wellhead/downhole pressure, temperature, and/or
acoustics may indicate a problem with the injection well that could endanger USDWs.
Additionally, equipment failures (sensor, computer, cabling, etc) and damage to the wellhead

could endanger the USDW. For further details please refer to Risk Register scenario numbers 3a
and 3b.

Severity: Light to catastrophic,
Timing of event: Injection/monitoring.
Avoidance measures: Well maintenance, injection within perniitted limits, and monttoring.

Detection wethods: Equipment monitoring.
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Potential response actions:

e Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR
146.91(c).

e Determine the severity of the event, based on the information available, within 24 hours
of notification.

e Limit access to wellhead to authorized personnel only.

e For a Major or Serious emergency (failure of sensors that will require shutdown of well
to repair, requires extended repair time (>48hrs) and/or well reentry to fix problem):

o Initiate immediate shutdown plan.

o Monitor well pressure, temperature, and acoustics to verify integrity loss and
determine the cause and extent of failure; identify and implement appropriate
remedial actions to repair damage to the well (in consultation with the UIC
Program Director).

o Review downhole and wellhead pressure, temperature & acoustic data.

o Ewvaluate pressures and conditions via analog gauges to determine no damage to
wellbore, wellhead or USDW will occur.

Shut in well (close flow valve or allow packer fluid into reservoir, fill hole).
Vent fluids from wellbore & surface facilities.

Communicate with CES personnel and local authorities to initiate evacuation
plans, as necessary.

o Monitor well pressure, temperature, and annulus pressure to verify integrity loss
and determine the cause and extent of fatlure; identify and implement appropriate
remedial actions to repair damage to the well (in consultation with the UIC
Program Director).

o If contamination is detected, identify and implement appropriate remedial actions
(in consultation with the UIC Program Director).

o Isolate the nearby area, if needed; establish a safe distance and perimeter using a
hand-held air-quality monitor.

o Perform a well log/MIT to detect CO2 movement outside of the casing.

¢ For a Minor emergency: (sensor or monitoring failure that does not require shutdown of
well to repair)

o Monitor well pressure, temperature, and acoustics to verify integrity loss and
determine the cause and extent of failure; identify and implement appropriate
remedial actions to repair damage to the well (in consultation with the UIC
Program Director).
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o Conduct assessment to determine whether there has been a loss of mechanical
integrity.

o Ifthere has been a loss of mechanical integrity, continue shutdown plan and refer
to Major or Serious emergency guidelines.

o Reset automatic shutdown devices.
Evaluate the cause of the failure, and mitigate if necessary (i.e., repair
equipment).

o Confirm well integrity prior to restarting injection and upon approval of the UIC
Program Director.

Response personnel: Site operator, well engineer, technician{s) for monitoring equipment and
project manager.

Fauipment: Workover rig, wireline, and backup monitoring equipment.

4.4 Potential Brine or CO:2 Leakage to USDW

Elevated concentrations of indicator parameter(s) in groundwater sample(s) or other evidence of
fluid (brine) or CO; leakage into a USDW. This scenario will encompass any evidence of CO2
or fluid movement out of the injection zone (i.e., not necessarily to a USDW) to address
unanticipated events associated with faults or other pathways; any potential USDW
endangerment/unacceptable changes in water quality; and CO2 leakage to the land surface. For
further details please refer to Risk Register scenario numbers 4a and 4b.

Elevated concentrations of indicator parameter(s) in groundwater sample(s) or other evidence of
fluid (brine) or CO; leakage into a USDW. To better protect the USDW and to have an early
warning system for USDW impact, it is important to monitor out of zone CO> migration above
the stroarge complex. This scenario will encompass any evidence of CO; or fluid movement out
of the injection zone (i.e, not necessarily to a USDW) to address unanticipated events associated
with faults or other pathways; any potential USDW endangerment/unacceptable changes in water
quality; and CO» leakage to the land surface. The technology that is planned to be used to
identify and quantify the severity of a potential brine or CO» leakage to USDW is described in
the (Schlumberger, Attachment C: Testing and Monitoring Plan, 2020).

Severity: Catastophic

Timing of event: Pre-injection, injection, and/or post-injection phases.

Aveidance measures: Well maintenance, injection within permutted limits, and monitoring.
Detection metheds: Fluid sampling and atmospheric and subsurface monitoring.

Petential response actions:

e Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR
146.91(c).
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¢ Determine the severity of the event, based on the information available, within 24 hours
of notification.
e Limit access to wellhead to authorized personnel only.
e For all emergencies (Major, Serious, or Minor):
o Initiate shutdown plan.

o Ifthe presence of indicator parameters is confirmed, develop (in consultation with
the UIC Program Director) a case-specific work plan to:

e Install additional groundwater monitoring points near the affected
groundwater well(s) to delineate the extent of impact; and

e Remediate unacceptable impacts to the affected USDW.

o Arrange for an alternate potable water supply, if the USDW was being utilized
and has been caused to exceed drinking water standards.

o Proceed with efforts to remediate USDW to mitigate any unsafe conditions (e.g.,
install system to intercept/extract brine or CO2, or “pump and treat” to aerate
CO2-laden water).

o Continue groundwater remediation and monitoring on a frequent basis (frequency
to be determined by Clean Energy Systems and the UIC Program Director) until
unacceptable adverse USDW impact has been fully addressed.

o If there is a well integrity issue specific steps will be taken to identify the location
of the failure/leak, affect repairs, and demonstrate mechanical intergrity.

o Ifthe leak posses a risk to air quality the nearby area will be isolated and a safe
distance and perimeter will be established a using a hand-held air-quality monitor.
Response personnel: Site operator, groundwater consultant, and project manager.

Equipment: Groundwater remediation equipment.

4.5 Natural Disaster

Well problems (integrity loss, leakage, or malfunction) may arise as a result of a natural disaster
affecting the normal operation of the injection well. An earthquake may disturb surface and/or
subsurface facilities; and weather-related disasters (e.g., tornado or lightning strike) may affect
surface facilities. For further details please refer to Risk Register scenario number 5a.

Severity: Catastophic

Timing of event: Pre-injection, injection, and/or post-ingection phases.

Aveidance measures. Meterological monitoring.

Detection methods: Microseismic monttoring and meterclogical monitoring.
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If a natural disaster occurs that affects normal operation of the injection well, perform the

following:

Response actions:

e Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR
146.91(c).

¢ Determine the severity of the event, based on the information available, within 24 hours
of notification.

e Limit access to wellhead to authorized personnel only.

e For a Major or Serious emergency:

O

O

Initiate immediate shutdown plan. Shut in well (close flow valve).
Vent CO2 from surface facilities if appropriate.

Communicate with CES personnel and local authorities to initiate evacuation
plans, as necessary.

Monitor well pressure, temperature, and annulus pressure to verify integrity loss
and determine the cause and extent of failure; identify and implement appropriate
remedial actions to repair damage to the well (in consultation with the UIC
Program Director).

Determine if any leaks to ground water or surface water occurred.

If contamination is detected, identify and implement appropriate remedial actions
(in consultation with the UIC Program Director).

e For a Minor emergency:

O

Conduct assessment to determine whether there has been a loss of mechanical
integrity.

If there has been a loss of mechanical integrity, initiate immediate shutdown plan.
It there has not been a loss of mechanical integrity, initiate gradual shutdown.
Shut in well (close flow valve).

Vent CO2 from surface facilities if appropriate.

Monitor well pressure, temperature, and annulus pressure to verify integrity loss
and determine the cause and extent of failure; identify and implement appropriate
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remedial actions to repair damage to the well (in consultation with the UIC
Program Director).

Response personnel: Site operator and groundwater consultant.

Equipment: To be determined mmmediately tollowing natural disaster,

4.6 Induced or Natural Seismic Event

Based on the project operating conditions, it is highly unlikely that injection operations would
ever induce a seismic event at all. Simulations show extremely small pressure increase produced
by the planned injection into the Second Panoche formation. Therefore, this portion of the
response plan is developed for any seismic event with an epicenter within a 0.5-mile radius of
the injection well.

To monitor the area for seismicity, an optical cable will be installed in the Above Confining
Zone monitor well (Mendota ACZ 1) with Digital Acoustic (DAS). The DAS fiber cable will
monitor continuously and be recorded by a surface recording system. The recording system will
be programed to identify induced seismic events in real time and is programed to automatically
send alerts to site safety personnel.

Based on the periodic analysis of the monitoring data, observed level of seismic activity, and
local reporting of felt events, the site will be assigned an operating state. The operating state is
determined using threshold criteria which correspond to the site’s potential risk and level of
setsmic activity. The operating state provides operating personnel information about the potential
risk of further seismic activity and guides them through a series of response actions.

The seismic monitoring system structure is presented in Table 2. The table corresponds each
level of operating state with the threshold conditions and operational response actions. For
further details please refer to Risk Register scenario numbers 6a, 6b, 6¢, 6d and 6e.
Severity: Light, major, or Catastophic

Timing of event: Pre-injection, injection, and/or post-injection phases.

Aveidance measures: Injection within permutted limits,

Dretection metheds: Microseismic monitoring.

Potential response actions:
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Table 2. Seismic monitoring system, for seismic events > M1.0 with an epicenter within a 0.5-mile radius of the injection well.

Operating State | Threshold Condition'? Response Action®
Seismic events less than or equal to | 1. Continue normal operation within permitted levels.
M1.5 2. Document the event for reporting to EPA in semiannual reports.
Five (5) or more seismic events 1. Continue normal operation within permitted levels.
within a 30-day period having a 2. Initiate gradual shutdown of the well if it is determined to be appropriate.
magnitude greater than M 1.5 but 3. Within 24 hours of the incident, notify the UIC Program Director of the operating status of the

less than or equal to M2.0 well.

4. Review seismic and operational data to determine location and magnitude of seismic event. If
the event falls within or near the extents of the plume, use the microseismic, geomechanics and
facies data to estimate potential impact to USDWs. Perform a pressure fall-off test to determine
if the storage complex has been compromised by the seismic event.

Document the event for reporting to EPA in semiannual reports,

W

Continue normal operation within permitted levels.

Initiate gradual shutdown of the well if it is determined to be appropriate.

Within 24 hours of the incident, notify the UIC Program Director, of the operating status of the
well.

Review seismic and operational data to determine location and magnitude of seismic event. If
the event falls within or near the extents of the plume, use the microseismic, geomechanics and
facies data to estimate potential impact to USDWs. Perform a pressure fall-off test to determine
if the storage complex has been compromised by the seismic event.

Report findings to the UIC Program Director and issue corrective actions.

6. Document the event for reporting to EPA in semiannual reports.

Seismic event greater than M1.5
and local observation or felt report

3 D

Seismic event greater than M2.0
and no felt report 4

o

! Specified magnitudes refer to magnitudes determined by local Clean Energy Systems or USGS seismic monitoring stations or reported by the USGS National Earthquake
Information Center using the national seismic network.
2 “Felt report” and “local observation and report” refer to events confirmed by local reports of felt ground motion or reported on the USGS “Did You Feel It?” reporting system.

3 Reporting findings to the UIC Program Director and issuing corrective action will occur within 25 business days (five weeks) of change in operating state.
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Operating State | Threshold Condition'? Response Action®

E‘%’Eageum Seismic event greater than M2.0 1. Initiate gradual shutdown of the well if it is determined to be appropriate.
- and local observation or report 2.  Within 24 hours of the incident, notify the UIC Program Director, of the operating status of the
well.
3. Communicate with facility personnel and local authorities to initiate evacuation plans, as
necessary.

4. Monitor well pressure, temperature, and annulus pressure to verify well status and determine the
cause and extent of any failure; identify and implement appropriate remedial actions (in
consultation with the UIC Program Director).

Determine if leaks to ground water or surface water or a CO» leak to the surface occurred.

1f 3 CO; leak or USDW contamination/endangerment is detected:

a.  Notify the UIC Propram Director within 24 hours of the determination and implement
appropriate remedial actions in consultations with the Director,

7. Review seismic and operational data to determine location and magnitude of seismic event. If
the event falls within or near the extents of the plume, use the microseismic, geomechanics and
facies data to estimate potential impact to USDWs. Perform a pressure fall-off test to determine
if the storage complex has been compromised by the seismic event.

T

8. Report findings to the UIC Program Director and issue corrective actions.
9.  Document the event for reporting to EPA in semiannual reports.
Bed Seismic event greater than M2.0, 1. [Initiate immediate shutdown plan.
and local observation or report, and | 2.  Within 24 hours of the incident, notify the UIC Program Director of the operating status of the
local report and confirmation of well.
damage*

* Onset of damage is defined as cosmetic damage to structures, such as bricks dislodged from chimneys and parapet walls, broken windows, and fallen objects from walls, shelves,
and cabinets.
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Operating State | Threshold Condition'?

Response Action®

Seismic event >M3.5

3. Communicate with facility personnel and local authorities to initiate evacuation plans, as
necessary.

4. Monitor well pressure, temperature, and annulus pressure to verify well status and determine the

cause and extent of any failure; identify and implement appropriate remedial actions (in

consultation with the UIC Program Director).

Determine if leaks to ground water or surface water or a CO; leak to the surface occurred.

If a CO; leak or USDW contamination/endangerment is detected:

a. Notify the UIC Program Director within 24 hours of the determination and implement
appropriate remedial actions in consultations with the Director.

7. Review seismic and operational data to determine location and magnitude of seismic event. If
the event falls within or near the extents of the plume, use the microseismic, geomechanics and
facies data to estimate potential impact to USDWs. Perform a pressure fall-off test to determine
if the storage complex has been compromised by the seismic event.

8. Report findings to the UIC Program Director and issue corrective actions.

9. Document the event for reporting to EPA in semiannual reports.

S

Response personnel: Site operator and microseismic provider.

Equipment: Microseismic monitoring and falloff test,
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5. Response Personnel and Equipment

Site personnel, project personnel, and local authorities will be relied upon to implement this
ERRP.

Site personnel to be notified (not listed in order of notification):

1. Emergency Coordinator - Control Room technician on Duty: 559-655-4923

2. Plant Safety Manager - Clint Cooper: Off: (559) 655-3947, 24 hr: 559-916-2139

3. Alt Facility Emergency Coord.: Arnold Gonzales: Office: (559) 655-4921 x12 Mobile:
(559) 916-2142

4. Plant Manager

A site-specific emergency contact list will be developed and maintained during the life of the
project. Clean Energy Systems will provide the current site-specific emergency contact list to the
UIC Program Director.

Table 3. Contact information for key local, state, and other authorities.

Agency Phone Number
Local police 911

Mendota Fire Department 911
Ambulance/Paramedics 911

Fresno Community Regional Medical Center 24 hr 559-459-6000
Poison Control Center 800-342-9293
California Office of Emergency Services 24 hr 800-852-7550
State Water Quality Control Board (Central Valley) 916-255-3000
Environmental services contractor - Schlumberger 661-864-4700

UIC Program Director Not yet assigned
EPA National Response Center (24 hours) 800-424-8802

State geological survey 916-322-1080

Equipment needed in the event of an emergency and remedial response will vary, depending on
the triggering emergency event. Response actions (cessation of injection, well shut-in, and
evacuation) will generally not require specialized equipment to implement. Where specialized
equipment (such as a drilling rig or logging equipment) is required, Clean Energy Systems shall
be responsible for its procurement.
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6. Emergency Communications Plan

Clean Energy Systems will communicate to the public about any event that requires an
emergency response to ensure that the public understands what happened and whether there are
any environmental or safety implications. The amount of information, timing, and
communications method(s) will be appropriate to the event, its severity, whether any impacts to
drinking water or other environmental resources occurred, any impacts to the surrounding
community, and their awareness of the event.

Clean Energy Systems will describe what happened, any impacts to the environment or other
local resources, how the event was investigated, what responses were taken, and the status of the
response. For responses that occur over the long-term (e.g., ongoing cleanups), Clean Energy
Systems will provide periodic updates on the progress of the response action(s).

Clean Energy Systems will also communicate with entities who may need to be informed about
or take action in response to the event, including local water systems, CO2 source(s) and pipeline
operators, landowners, and Regional Response Teams (as part of the National Response Team).

7. Plan Review

This ERRP shall be reviewed:
e At least once every five (5) years following its approval by the permitting agency;
e Within one (1) year of an area of review (AOR) reevaluation.

e Within 30 days, or other time prescribed by the EPA Director, following any significant
changes to the injection process or the injection facility, or an emergency event; or

e Asrequired by the permitting agency.

If the review indicates that no amendments to the ERRP are necessary, Clean Energy Systems
will provide the permitting agency with the documentation supporting the “no amendment
necessary” determination.

If the review indicates that amendments to the ERRP are necessary, amendments shall be made
and submitted to the permitting agency within 30 days, or other time prescribed by the EPA
Director, following an event that initiates the ERRP review procedure.

8. Staff Training and Exercise Procedures
CES will integrate the ERRP into the storage site specific standard operating procedures and

training program.

e Periodic training will be provided, not less than annually
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¢ Training will be provided to well operators, plant safety and environmental personnel, the
plant manager, plant superintendent, and corporate communications. The training plan
will document that the above listed personnel have been trained and possess the required
skills to perform their relevant emergency response activities described in the ERRP.
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